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ARTICLE I. 

Same Obfervatkni on different Hydroearbonatei and Combinations of Carhne nuith Oxygen^ tsfc. 
in reply tofome of Dr. PrieJlUy^s late OhjeSiom to the Nevf Syfiem of Chemiftry. By W* 
CBUICKSHAKKf Jf^oolwicb. 



o. 



'N perufiog Dr. Prieftley's hte publication, in which he fupports the doArine of 
phlogifton, I was much ftruck with Ibme of the experiments there related, more efj^ 
cially with the quantity and nature of the gafes obtained from the grey oxide of iron and 
charcoal, and the fame oxide with the carbonate^f barytes. 

Although I had not the leaft doubt of the accuracy of thefe experimentSi yet I was de- 
termined to repeat, and extend them, and to pay particular attention to the nature of the 
diffeient gafes obtamed. 

Accordingly a quantity of the grey oxide, or fcales of Iron feparated in forgingi were 
introduced into a crucible, and expofed to a red heat (or upwards of half an hour; at the 
fame time a quantity of powdered charcoal was introduced into another crucible, which 
had a cover luted on, and likewife expofed to a ftrong red heat 1 thefe were mixed while 
hot, and introduced into a (mall coated glafs retort* The retort was then placed inr a 
furnace, its neck being plunged under water, in a pneumato-chemical tub, and heat gra* 
dually applied. 

Vut.V.— April 1801. ' B By 



a On tbi various Comhinations of Carbon tuith Oxigen. 

By the time that the retort became red| or rather fooneri gas was produced in great 
abundance, and continued to come over for two hours or upwards ; this gas was received 
in different veffels, fo that the portions obtained at diff*erent periods of the procefs might 
be examined feparately: the whole amounted to 150 oz. meafures (troy.) 

The firfl; portion confifted of carbonic acid gas, one part, and inflammable gas four 
parts. 

The fecond portion of carbonic acid gas, one part, and inflammable gas five parts. 

The third was exaftly fimilar to the fecond, and then to the end of the procefs ; it con- 
fided pretty uniformly of carbonic acid gas, one part, and inflammable gas, fix parts. I 
repeated this experiment, and employed an iron retort, in order that a much greater degree 
of beat might be applied. In this cafe the gafes obtained were exa£tly fimilar, and the very 
kft portion was found to confift of carbonic acid gas one part, and inflammable gas fix 
parts; but the quantity in all, although the oxide of iron and charcoal together did not 
exceed two ounces, was prodigious, and muft have amounted to many gallons, by meafure. 

Sufpe£ling that fome of the other metallic oxides might yield fimilar refults, if treated 
with charcoal in the fame manner; I expofed a quantity of the fublimed oxide of zinc to 
a red heat for nearly an hour, and then mixed it with charcoal, which had likewife been 
previoufly heated ; thefe were introduced into a coated glafs retort* and fubjefted to a heat 
gradually raifed as in the former experiments ; before the retort became red, a confiderable 
quantity of gas was difengaged, but upon increafing the heat it came over in torrents. 

The firft portion confided of carbonic acid gas^ and inflammable gas, in the proportion 
of I to 9* The fecond, of the fame gales, io the proportion of i of the former, to 26 of 
the latter, «nd what was received afterwards, was purely inflammable; the whole 
amounted to 90 ounce meafures. At the end of the procefs a quantity of metallic zinc 
was found in the neck of the retort. 

I next fubjeAed the red oxide of copper and charcoal to a fimilar procefs, and the quan« 
tity of gas colle£ied from an ounce of this mixture, amounted to 64 ounce meafures. 

The firft portion confifted of the carbonic acid, and inflammable gafcs, in the prc^or- 
tion of 10 of the former to one of the latter. The fecond of the fame gafes, in the pro- 
portion of 15 to 55 ; ^nd the third was purely inflammable gas, without any fenfible quan- 
tity of carbonic acid. At the end of the procefs the copper was found in fmall globules in 
it^ inetallic ftate, mixed with the charcoal. 

The next fnbjeft of experiment was litharge, which was dried as much as poiEbley 
mixed with hot charcoal, then introduced into a coated glafs retort, and expolcd to heat 
tQ the^fame manner as the other inixttnres. 

The firft portion of gas confifted of carbonic acid, and inflammable gas rtvj ntarly ia 
equal bulks. The fecond, of the fame gafes in the proportion of 13 of the former to 39 
of the latter, and what came over afterwards was almoft purely inflammable, the whole 
amountiqg to about 40 ounces* The lead was found revircd and noised with die chaxcoal 
lA die fonn of (mall globulet. 
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The laft metallic oxide which I rubje£led to this procefi^ was that of manganefe; about 
half an ounce of the black ore of this femi-metal was ezpofed for an hour to a ftrong ted . 
heat in a crucible, it was then mixed with hot chascoal^ and introduced into a coated glafil 
retort ; heat being applied and gradually increafedj a quantity of gas, amounting in all to 
38 ounces, was procured. The firft portion was chiefly carbonic acid ; the fecbnd a miit- 
ture of this with inflammable gas, in nearly equal proportions ; and the laft almoft purely 
inflammable. 

From thefe experiments we may draw the following concluGons : ift. That all metallic 
oxides capable of enduring a red heat, will, when mixed with charcoal, not only yield 
carbonic acid, bi^t alfo a very confiderable quantity of an inflammable gas* adly. That 
thofe oxides which retain their oxigen moft obftinately, yield the greateft quantity of in* 
flammable gas ; and on the contrary, that thofe which part with it readily, aflbrd the 
greateft proportion of carbonic acid. And 3dly, That the carbonic acid gas was chleflf 
difengaged at the beginning of the procefs, and the pureft and greateft quantity of inflam* 
mable gas towards the conclafion of it. 

Having thus afcertained the relative proportions of thefe gafcs, I next endeavoured to 
inveftigate the properties of the inflammable gas, which from the peculiar circumftancef 
under which it was procured, I had little doubt muft t>e difierent from any of the known 
hydrocarbonates. 

Accordingly I took a quantity of that obtained.from the grey oxide of iron, and waflied 
it repeatedly with lime water, until the whole of the carbonic acid was completely feparated* 
Its fpecific gravity was then afcertained, and it was found to be but a very little lighter 
than common air, that is to fay, in the proportion of about 22 to 23, a circumftance which 
proved it at once to be different from the common hydrocarbonates, all of which are much 
lighter than common air. 

I next endeavoured to eftimate the quantity of pure oxygen neceflary to faturate It, and 
likewife the produ£ks of the combuftion. After feveral trials I found, that when four 
meafures of the wafiied gas, mixed with two of oxygen, were introduced into a ftrong 
glafs jar over mercury, and iired by the ele£^ric fpark, they were reduced to 3^^ meafureSi 
and that when this refiduum was agitated with lime water, there only remaine<| about \ of 
a meafure, which was found by the nitrous teft to be pure oxygen \ hence it would appear, 
chat eight meafures of this gas require 34- meafures of pure oxygen gas to faturate themt 
and when combined produce nearly fix meafures of carbonic acid gas, with a little water* 
Now if we fuppofe a meafute equal to a cubic inch, and that a cubic inch of the Ififlam* 
mable gas, at the temperature of 55% and under a mean prefltire of the atmofphere, 1reighs^ 
•3 of a grain, a cubic inch of oxygen gas, .34 of a grain, and a cubic inch of carbonic acid 
gas .47 of a grain i then the weight of eight meafures of the inflammable, with jf'of 
oxygen gas, will be 3 .6 grains very nearly ; but the weight of the carbonic acid gas gene- 
jrated, is only 2.8 grains; hence there remains a deficiency of .8 of a grain to be accounted 
for, and which muft arife from the water produced. The chief eirctunftance, however, 
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which diftinguiihes this gas from other inflammable gafes, is the great proportion of car* 
bonic acid which it yields when united with oxygen. In the above experiment we find fix 
meafures of carbonic acid gas generated ; now this quantity would require at leafl; feven 
meafures of pure oxygen, whereas the quantity employed was only 3! meafures; we muft 
therefore infer, that the remaining 3I meafures muft have been originally combined with 
the inflammable gas, conftituting what may be called a gafeous oxide. Hence it would 
appear, that this gas bears the fame relation to carbonic acid, that nitrous gas does to the 
nitrous acid. In future, for the fake of diftin<^ion, we (hall call it the gafeous oxide of 
carbone. The gafes obtained from the other metallic oxides and charcoal, were perfe£Uy 
Cmilar in their properties ; all of them when mixed with comnion air and ignited, burned 
with a lambent blue flame, without any fenfible explofion, and much carbonic acid, with 
a little water, was produced. When mixed with nitrous gas no diminution or fenfible 
charge^ could be perceived, which proves that their oxygen is In a combined, and not in a 
difengaged ftate. 

Dr. Prieftley has likewife found, that when the carbonate of barytes was mixed with the 
grey oxide of iron, and expofed to a ftrong heat in a retort, that not only carbonic acid, but 
alfo inflammable gas was obtained. In order to fatisfy myfelf with regard to this fa£l, I 
mixed a quantity of the carbonate of barytes and oxide of iron, both having been feparately 
made red hot for fome time, and introduced them into a dry coated glafs retort. Heat 
being gradually applied, a quantity of gas, which at firft was nothing more than carbonic 
acid mixed with a little azote, efcaped; but when the retort had been^ red for a few 
minutes, the gas difengaged confifted of carbonic acid 25 parts, and gafeous oxide of car- 
bone ten parts ; the whole amounting to 30 ounce meafures. This experiment was re- 
peated, and an iron retort employed, in order that a much greater degree of heat might 
be given ; in this cafe, not lefs than 90 ounce meafures of a fimilar mixture of gafes were 
obtained. 

Conceiving that in thefe experiments the gafeous oxide muft proceed from the partial 
decompofitions of the carbonic acid by the iron, when ralfed to a high temperature, I 
thought I fliould fucceed better by employing iron filings in place of the grey oxide, as 
thefe would have a greater affinity for oxigen. Accordingly I took a quantity of common 
chalk, and expofed it to a low red heat for 10 minutes; it was them mixed with an equal 
quantity of clean iron filings made as dry as poffible ; the mixture being introduced into 
an iron retort, heat was gradually applied. As foon as the retort became red, gas began 
to be difengaged in great abundance, and continued to come over for a confiderable length 
of time, fo that the whole muft have amounted to many gallons. Portions of this being 
examined at diflPerent periods, it was found to confift on a medium of one part of carbonic 
acid gas, and four or five parts of gafeous oxide of carbone. 

From this experiment we perceive, that a much greater proportion of gafeous oxide is 
obtained^ and more carbonic acid decompofed, where iron filings are employed in place of 
the grey calx» which proves that it is the acid which is decompofed by the iron. In-ao. 

other 
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other Inilance I fubftituted lime for the carbonate of lime ; here too the gafeous oxide was 
obtained) but in much lefs quantity, and had the lime been perfe£Uy pure^ it is probable 
that very little) or nonC) would have been procured ; this experiment likewife points out 
the origin of the gas. In inveftigating the properties of this inflammable gas, I found that 
when perfe£lly free from carbonic acid, it was lighter than common air, in the proportion 
of 22 to 23. 

That when mixed with common air and ignited, it did not Explode, but burnt flowly 
with a lambent blue flame : that when the products of this combuftion were coUefled, by 
burning a confiderable quantity in a large receiver containing common air or oxygen gas> 
nothing but carbonic acid could be collected, nor was there any perceptible quantity of 
water condenfed againfl: the fides of the veflel. That when 20 parts of this gas were mixed 
with eight parts of oxygen, and fired over mercury by the cle£lric fpark, the whole was 
reduced to 18 or 19 parts, which were found to be carbonic acid gas, being totally ab- 
forbed by lime water. Hence we fee, that this gas contains rather more oxygen than tliat 
produced from charcoal and finery cinder, as 20 parts of it, with eight of oxygen, produce 
no lefs than 18 or 19 parts of carbonic acid gas ; upon the whole, however, they appear 
to be very fimilar, more particularly in their fpedfic gravities *, but I remarked, neverthe- 
lefs, that when a confiderable quantity of the gafeous oxide from charcoal, and the different 
calces was burned in a large receiver, fome moifture was depofited on its fides; there 
€an4)e little doubt, therefore, that this diflFerence in the refults depends on a portion of 
hydrogen, which enters more or lefs into the compofition of all common charcoal. 

The ftateraent at page 7, taken from the foregoing and olhcr experiments, will (hew 
more correftly the diflference between thefe gafes, and fome of the beft known hydrdtar- 
bonates ; from thefe calculations it will likewife appear, that the weight of the gafeous 
oxide obtained from the decompofition of the carbonic acid> added to that of the pure air 
neceflary for its faturation, is very nearly equal to that of the carbonic acid gas produced j^ 
for 100 cubic inches of this gas weighs 30 grains, and 40 cubic inches of oxygen gas 13.6 
grains, making together 43.6 grains. Now 92 cubic inches of carbonic acid gas weighs. 
43.2 grains ; a greater degree of corre£lnefs cannot well be eafpeftcd from experiments of 
this nature. But by making a fimiiar calculation with the produds obtained from the ex-^ 
plofion of the gafeous oxides from charcoal and the metallic calces, it will be found, that 
the weight of the gafeous oxide, added to that of the pure air, is greater thaa the weight 
of the carbonic acid produced ; a circumftance which would feem to prove the formatioa 
of watiert more efpecially when compared with the other experiments '' already rplated.. 
From thefe fafls, therefore, we would infer, that the purcft gafeous oxide is to be obtained 
from the decompofition of carbonic acid ; for in this cafe it appears to contain neither 
water, nor the bafis of water. 

Dr. Prieftley, in his obfervations on thefe gafes remarks, that in their properties they 
are very fimilar to the inflammable air obtained by heat from moiftened charcoal ; this, 
how(iver, upon a more particular inveftigation, I did not find to be the cafe» A q^uantity 
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€»f moifteiicd charcoal being introdaced into a coated glaCi retort^ heat was appfiedf and 
gradBallj iscreafed nndl the fctort became red. The firft pordons of gat coUe^led coo- 
lifted of nine parts of carbonic acid gaSf and 57 hydrocarbonate ; what came over about die 
middle of the procefs was three parts of carbonic acid, with 55 hjdrocarbonate, and the 
laft portions were nearly pare hydrocarbonate, the whole amounting to fereral gallons* 

Having feparated the carbonic acid from this gas by repeated agitation with lime wateTf 
I found that it was fpecifically lighter than common air> in the proportion of 11 to 23 ; in 
this refpedy therefore, it differs eflentially from the gafeous oxides, being not more than 
half dieir weight ; I likewife found, that when burned in a recdTcr containing pure or 
common air, a very confiderable quantity of water was produced, and condenfed againft 
the fides 61 the Tcflel ; the receiTcr likewife contained much carbonic acid gas. I next 
cnd ea To u red to afcertain the proportion of oxygenous gas neceflary to faturate it. After 
fereral trials I found, when fix meafures of this gas well, waflied, were mixed with four of 
pure oxygen, and exploded oter mercury by the ele&ric fpark, that the reCduary gas 
amounted to x^ meafures nearly, which was entirely carbcrnic acid. Here again we find a 
lemaikaUe dlflcieu ce between this hydrocarbonate and the gafeous oxides, for fix mea« 
fures of oxygenous gas produce only 24^ of caibonic acid, when combined with the former ; 
whereas with the latter, the fame quantity would produce no lefs ^n 14 meafures of the 
fame add gas. The produftion of water from the two gafes is likewife rery di£ferent^ 
beii^ little or none from the oxides, but rery copious from the hydr o carbonate. Being 
defirous to afcertain if any of the known hydrocarbonates were fimilar in their prc^ierties 
to the gafeous oxides, I made comparatire experiments with moft of them, but there were 
none which appeared to contain oxygen, at kaft in any quantity. The pureft hydrocar*- 
bonates are obtained from camphor, by making its vapour pafs through a red hot tube ; 
from ether by die fame procefs ; from animal fnbftanccs, and fome regetables, by de- 
ftrudHfe diftillation ; and where it was not expe£led, from the gas of marihes, for I had 
always fuppofed that this gas was fimilar to that obtained from moiftened charcoal by di(^ 
tilladon. All thefe pure hydrocarbonates hare exadily the fame properties i when well 
freed from carbonic acid gas, they are lighter than common air in the propornon of 15.5 
to 23.5, or 2 to 3 nearly ; two parts by meafure require no lefs than 34^ of pure oxygea 
to laturate them, the produ&s being 2^ parts carbonic acid with fome water (fee the table) 
One of their moft remarkable properdes howerer, is, that when mixed with -j- their bulk 
of pure oxygen, or thereabout, and fired in a jar by the ele£hic fpark, inftead of a dimi«^ 
nution, there is a confiderable increafe of volume, notwithftanding the produQion of car- 
bonic acid. The following may be confidered as the mean refult of feveral experiments 
made in this way. 

Six meafures of hydrocarbonate, mixed with 44^ of pure oxygen, were introduced into 

a ftrong glafs jar o?er mercury, being fired by the dedric fpark, the mixture after die 

cxjdpfioo, ^rfiich was riolent, was augmented to I2| meafures, or there was an iocreafc 

•f 2\ meafures nearly. Lime water bein^ adnutted, it foon became turbid, and there was 
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sfi ftbforption of fomewhat better than two mearures. The remaining gaa amounting to 
lOf meafttres, was found by the teftof nitrous gas to contain no fenfible quantity of dif. 
engaged oxygen. Two meafures of this reGduary gas being fired with one of oxygen, were 
.reduced to one meafure, which was JFound to be carbonic acid gas ; hence the whole refi^ 
duary gas would require about 5^ meafures of oxygen to faturate it, and product five mea- 
fures of carbonic acid. It would appear, therefore, that notwithftanding the apparent 
change which the hydroearbonate underwent in the firft explofion. yet the final refults are 
not fcnfibly varied, for by comparing the two experiments together, it will be found that 
the proportions of hydroearbonate, oxygen, and carbonic acid produced, are very nearly 
as three to one, which (hey (hould be where no change is efFe£ted. I varied thefe experi- 
ments in different ways, but conftantly found the fame refults. 

Alcohol may llkewife be converted into a fpecies of hydroearbonate, by making its va- 
pour pafs through a red hot tube \ and it is rather fingular that this gas (hould be fo dif- 
ferent in its properties from that obtained from sether in the fame way ; for liie latter, as 
has been already obferved, is a pure hydroearbonate* 

Having obtained a large quantity of this hydroearbonate from the decompoGtion of alco- 
hol, it was well agitated with lime water, but little or no diminution took place, a cir- 
cumftance whieh would feem to prove, that pure fpirit does not contain oxygen. I next 
took its fpecific gravity, and found that it was lighter than common air in the proportion 
of 12 to 23, whereas that from aether is lighter only in the proportion of i j to 23. When 
burned in a receiver containing pure or common air, much carbonic acid, and a confide- 
rable proportion of water, were produced. After feveral trials I found, that four parts 
of this gas require 47 of oxygen t6 faturate them, the produ^ls being three parts of car- 
bonic acid, with water, But four parts of hydroearbonate from xther require feven of 
oxygen to faturate them, and 44- meafures of carbonic acid with water are produced. . 
Hence the difference between thefe gafes mud be manifeft; it likewife appears from thefe 
experiments, that sether contains lefs carbone and more hydrogen than alcohol \ for it 
will be found by calculation, that the proportion of carbone to hydrogen in sether is very 
pearly as 3 to i, but in alcohol as 4 to i ; indeed this circumftance feems to be confirmed 
by the depoGtion of charcoal which takes place in the procefs for obtaining aether. . 

From the foregoing experiments, therefore, we perceive, that none of the hydrocarbd* 
nates at prefent known, are fimilar in their properties to tjie gafeous oxides of carbone, 
being much lighter, and yielding a far lefs proportion of carbonic acid when combined 
with a given quantity of oxygen. 

After acquiring a knowledge of the nature and properties of thefe gafes, we are no 
longer at a lofs to account for their produ£lion ; we know that the common hydrocarbo- 
natesconfiftof carbone united with, or held in folution by hydrogen, fo there can be 
Httlc doubt that the gafeous oxides are nothing more than carbone united with, or held in 
fdution by oxygen, and then converted into the gafeous ftate by caloric \ that they con- 
tain oxygen, b manifeft from the very fmall additional quantity which is found fuffident 
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to convert them into pure carbonic acid, from their being procured by a mixture of me- 
tallic calces and charcoal in the dried poflible (late, in which procefs the metallic calx is 
found to be revived, having parted with its oxygen to form the gafeous oxide iand acid; and 
from thdr being obtained by the partial decompofition of this fame acid, as in the expe* 
riments with chalk and iron filings, &c. From this laft circumftance it would alfo appear, 
that carbonic acid when raifed to a high temperature may be decompofed by any fixed 
fubftance which has a coniiderable afEnity for oxygen. Upon the whole, therefore, we 
•confider the gafeous oxide of carbone as holding the fame relation to pure hydrocarbonate 
and carbonic acid ; which nitrous gas, or the gafeous oxide of azote, does to pure azote 
and nitrous acid. We likewife conceive, that the obje£lions to the new fyftem of che- 
miftry advanced on this head, by Dr. Prieftley, are fufficiently anfwered. ^ We find that 
thefc gafeous oxides are very difierent from what the Doflor conceived them to be,'~and 
that the prefence of water does not appear to be neceiTary to their produdion* We have 
no more reafon therefore to fuppofjc that the grey oxide of iron fhould contain water, than 
that the other oxides, which give the very fame products when mixed with charcoal and 
' diftilled, fhould contain it likewife. 

A Table Jbevflng the Anaijfis^ Isfc. of the different Species of Hydrocarlonates^ and the gafeous 

Oxide of Carbone* 



Cafes, and the fub- 


Weight ( 
100 cubit 
inches oi 
meafures 


Proportion 


of oxy- 


Produ£ls when combined w' 


th oxygen 


Hence the gafes confift of 


ftances from which 
the gafes are ob- 
tainedy ice, ftc. 


gen ncceflary to fa- 
turate 100 meafures 
of the gu 


Carboni 


c acid 


Water 


Water held 
in folution 


Oxygen 


Carbone 


Hydrogen Water 


" ^ 


in volume 


in quant. 


produc. 


by the gas 




* 




- 






Quan^ty 




• 
















Grains 


Meafures 


Grains 


Meafures 


Grains 


Grains 


Grains 










Pure hydrocarbonate 7 
from camphor, &c. j 


21. 


176. 


59.8 


ii6. 
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In the preceding table, the weight of one loO cubic inches of common air, under the 
mean preffure of the atmofphcrc, and at the temperature of 55^ feet, is eftimated at 31 
grains ; the quantity of pure carbone in carbonic acid at \ of the whole nearly, and the 
proportion of oxygen to hydrogen in water as 85 to 15. 

The quantity of oxygen in the gafcous oxides was thus eftimated. In the laft line, for 
^example, we find that 30 grains of the oxide, produced, when combined with 13.6 grains 
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of oxygeti, 43.3 grains of carbonic acid. Now this acid conCfts of 8.6 grains of carbone, 
and 34.6 of oxygen nearly i but the quantity of oxygen employed was only 13.6 grains^ 
hence the difference between 34.6 and 13.6, or 21 grains, muft have been originally con- 
tained in the gas. It would therefore appear, that the gafeous oxides in their pureft ftate . 
confift of oxygen and carbone in the proportion of 21 to 9 nearly, combined with caloric. 
Woolv)icb^ March 19/ i8oi« 
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On the Power of penetrating into Space by Ttlefcopes \ with a comparative Determination of 
the Extent of that Power in natural Vifiony and in Tele/copes of various Sizes and Con-* 
Jlruffionsi illu/lrated byJiteS Obfervations. By Win i am HERSCHELf LL.D. F.R.S. 
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ULT i2> 1784. I viewed the fame nebuja with a large 20-feet Newtonian refle£tor; 
power 157. ^''' 

^* A mod beautiful extenlive clufter of (larsi of various magnitudes, very comprefled in 
*^ the middle, and about 8' in diameter, befides the fcattered ones, which do more than 
'' fin the extent of the field of view * : the large ftars are red ; the fmall ones are pale red. 
<*RA 18*^ 23' 39" 5 PD 114^77* 

The penetrating power of the firft inftrument was 39, that of the latter 61 ; but, from 
the obfervations, it is plain how much fuperior the efie£); of the latter was to that of the 
former, notwithftanding the magnifying power was fo much in favour of the inftrument 
with the fmall penetrating power. 

July 3O9 1783* With a fmall 20-feet Newtonian refle£lor, I viewed the nebula in the 
hand of Serpentarius, difcovered by Mr. Meflier, in 1764. 

" With a power of 200, I fee it confifts of ftars. They are better vifible with 300. 
^' With 600, they are too obfcure to be diftinguifhed, though the appearance of ftars is ftill 
^* preferved* This feems to be one of the moft difficult objefts to be refolved. With me, 
" there is not a doubt remaining; but another perfon, in order to form a judgment, ought 
*^ previoufly to go through all the feveral gradations of nebulas which I have refolved into 
« ftars.'* 

May 25, 1791- I viewed the fame nebula with a 20-feet refle£lor of my conftrudion9 



.^ t. . . -^,64x188^* ^ „ 

% having a penetratmg power of ■ = 7Si^8. 

* This field, by the paflage of an equatorial ftar, was 15' 3". 

Vol. v.— April 1 80 1. C "With 



10 Ptndf alien into Space by TtUfcopts. 

" With a m2gnifyiii|r power of 157, it appears extrcnacly bright, round, and eafiljr rt- 
'' folvabte. With 300, 1 can fee the ftars. It refeoibled the clafter of ftars taken ac Iff" 
<< 43' 40''.*, which probably would put on ihe fame appearance as this, if it were at a dif« 
** tancc half as far again as it is. R A 17^ a6' 19"; PD 93® 10." 

Here we nia)r compare two obfertrationa $ one taken with the penetrating power of 39^ 
the other with 75; and, although the former indrument had far the advant;3ge in magni- 
fying power, the latter certainly gave a more complete view of the objed. 

The 20-feet reileflor having been changed from the Newtonian form to ^ly prefent one, 
I had a very (Iriking inftance of the great advantage of the increafed penetrating power, in 
the difcovery of the Georgian fatellites. The improvementi by laying afide the fmall 
mirror, was frorta 61 to 75 : and, whereas the former wa9 not fufficient to reaoh thefe faint 
objeAif the latter fliewed them perfe£lly well. 

March 14) 1798. I viewed the Georgian planet with a new a5-feet jrefle£ior« Its pe- 
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netrating power is ■ ■, ^ , -^ ^Sfii i ^"^^j having juft before alfo viewed it with 

my 20-feet inftrument, I found, that with an equal magnifying power of 300, the a5-fcet 
telefcope had confiderably the advantage oi the former. 

. Feb. 24, 1786. I viewed the nebula near Flamfteed*s 5th Serpentis, which has been 
mentioned before, with my 20-feet refledtor ; magnifying power 157. 

*^ The moft beautiful extremely comprefied clufter of fmall ftars ; the greateft part of 
•* them gathered together into one brilliant nucleus, evidently confiding of ftars, fur- 
*^ rounded with many detached gathering ftars of the fame fize and colour. R A l^^ 
«I2"; PD«7«8'." 

May 27, 1791* I viewed tlie fame obje£l with my 40-ieet telefcope; penetrating 

power ■ ■ ■ — ■ ■ , = 191,09; magnifymg power 370. 

^ 2 

** A beautiful clufter of ftars. I counted about 200 of them. The middle of it Is fa 
•' comprefled that it is impoffiblc to diftinguifli the ftars.*' 

Here, it appears, that the fuperior penetrating power of the 40-fect telefcope enabled 
me even to count the ftars of this nebula. It is alfo to be noticed, that the objedl did not 
ftrikc me as uncommonly beautiful ; becaufe, with much more than double the penetrating, 
and alfo more than double the magnifying power, the ftars could not appear fo-xompreflcd 
and fmall as in the 20-feet inftrument : this, very naturally, muft give it more the rcfcm- 
blance of a coarfer clufter of ftars, fuch as I had been in the habit of feeing frequently. 

• The objcft referred to is No. 10. of the Connoiffitnee dis Temps for 17S3, called " NehuUuftfiuu 
*^ ttoiUs,^ My defcription of it is, «* A very beautiful, and extremely comprefled, clufter of ftan j the 
** oaoft comprefled part about 3 or 4' in diameter. R A i6*» 46' j," \ P D 93^ ^i',** 

4 The 
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The 4ofect telefcope was originally intended to have been of the Newtonian conftruc- 
tion \ but, in the year 17871 when I was experimentally aflfured of the raft importance of a 
power to penetrate into fpace, I laid afide the work of the fmatl mirror, which was then 
in hand, and completed the inftrument in its prefent form* 

^' 0£t. ID, 1791* I faw the 4th fatellite and the ring of Saturn, in the 40-feet fpeco* 
<^ lum, without an eye glafs." 

The magnifying power on that occaGon could not exceed 60 or 70 ; but the great pene« 
trating power made full amends for the lownefs of the former ; not withftanding the gieateft 
part of it muft have been loft for want of a greater opening of the iris, which could not 
take in the whole pencil of rays, for this could not be lefs than 7 or 8 tenths of an inch* 

Among other inftances of the fuperior tSt€t% of penetration into fpace, I Ihould mention 
the difcovery of an additional 6th fatellite of Saturn, on the 28th of Auguft» 1789; and ef 
a 7th, on the nth of September, in the (ame year; which were firfl: pointed out by thia 
inftrument. It is true that both fatellites are within the reach of the 2o-f«et telefcope ; but 
it ihould be remembered, that when an obje£k is once difcovered by a fuperior power, an 
inferior one will fuffice to fee it aCterwands. I need not add, that neither the 7 nor lo-fcet 
telefcopes will reach them \ their powers, 20 aqd 29, are not fufficient to penetrate to fuch 
diftant objeAst when the brightoefs of them is not more than that of thefe (atellftes. It is 
alfo evident, that the failure in thefe latter inftruments, arifes not from want of magnifying 
power ; as either of them has much more than (iifficient for the purpofe. ^ 

Nor* 59 i79(« I viewed Saturn with the 20 and 4o*feet telefcopes. 

«< 2ofeet. The jth fatellite of Saturn is very (malL The ift, 2d, 3d, 4tb| 5th| and 
^ the new 6di fatellite, arc in their calculated places/' 

^ 4o«feet I fee the new 6th fatellite mudi better with this inftrument than with tfae 
^< ao-feet. The 5th is alfo much larger here than in the zo^feet j in which it was nearlf 
^< the fame fize as a fmall fixed ftar, but here it is conCderably larger than that ftan** 

Here the fuperior penetrating pawer of the 40-feet telefcope ihewed itfelf on the 6th 
iatellite of Saturn, which is a very faint objeft ; as it had alfo a confideraUe advantage ia 
magnifying power, the diik of the 5di fatellite appeared larger than in the ao-feet. But 
the fmall ftar, which may be faid to be beyond the reach of magnifying power, could only 
profit by the fuperiority of the other power. 
' Nov. 21, 1791. 40-fcet refleAor; power 370. 

^' The bhick divifion upon the ring is as dark as tlie heavens d>ottt Saturn, and of the 
♦* fame colour/' ^ 

<< The fliadow of the body of Saturn is vifible upon the ring, on the following fide ; its 
^ colour is very difierent from that of the dark divifion. The 5th fatellite is lefs than ^ 
^ 3d ; it is even lefs than the 2d/' 

20«feet refleQor ; power 30a 

C a " Tbp 
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^^ The 3d fatellite feems to be fmaller than it was the laft night but one. The 4th' fa- 
^Vtellite feems to be larger than it was the 19th. This telefcope (hews the fatellites not 
^ nearly fo well as the 40-feet. 

Here, the magnifying power being nearly alike) the fuperiority of the 40-feet telefcope 
mull be afcribed to its penetrating power. 



The different nature of the two powers above mentioned being thus evidently efta- 
bliflied, I muft now remark, that, in fome refpeQs, they even interfere with each other ; 
a few inftance^ of which I (hall give. 

Auguft 24, 1783. I viewed the nebula north preceding Flamfteed's i Trianguli, dif- 
covered by Mr. Mefiiery in 1764. 

** 7-feet refleAor; power 57. There is a fufpicion that the nebula conCfts of exceed- 
*^ ingly fmall (tars. With this low power it has a nebulous appearance ; and it vani(hes 
*' when I put on the higher magnifying powers of 278 and 460." 

0€t, 28, 1794* I viewed the fame nebula with a 7-feet refle£lor. 

*^ It is large, but very faint. With 120, it feems to be compofed of ftars, and I think I 
*^ fee feveral of them ; but it will bear no magnifying power." 

In this experiment^ magnifying power was evidently injurious to penetrating power. I 
do not account for this upon the principle that by magnifying we make an objeA left 
bright ; for, when opticians have alfo demonftrated that brightnefs is dimini(hed by mag- 
nifying) it muft again be underftood as relating only to the intrinfic brightnefs of the mag- 
ni(ied pifture ; its abfolute brightnefs, which is the only one that concerns us at prefenty 
muft always remain the fame *, The real explanation of the fa£l, I take to be> that while 
the light colle£led is employed in magnifying the obje£t, it cannot be exerted . in giving 
penetrating power. 

June 18, 1799. I viewed the planet Venus with a lo-feet reflejior. 

<^ Its light is fo vivid that it does not require, nor will it bear, a penetrating power of 
" 29, neither with a low nor with a high magnifybg power." 

* This naay be proved thus. The mean intrinfic brightnefs, or rather illumination^ of a point of the 
piAure on the retina, will be all tbi ligbt tbat falls on tbe piSure^ Minded hy the Humher rfits^nmUi or 

^ JL. Now, fince with a greater magnifying power m, the number of points H increafes as the 
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f4|iutfcs of the power, the exprefEoo for the intrinfic brightnefs — » will decreafe in the fame ratio \ and it 

N 

will conlequently be in general N <X «*, Mid— orCQ( JL. j that is, by compounding CH (X *^, 

^lzi^\ or abfolute brightnefi a given quantity. M. Bouguer has carefully diaingwiflied intriniic and 
abfolute brightnefs, when he fpeakt of the quantity of light rcfleaed from a wallj at difEextnt diftanccs. 
^raitt iCO^ique^ page 39 and 40. 
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Thi's is not owing fto the Icaft impcrfcaion in the mirrori which is truly parabolical, 
and (hews, witk all its aperture open, and a magnifying power of 600, the double ftar y 
Leonis in the greateft perfediion. 

" It (hewed Venus, perfcftly well defined, with a penetrating power as low as 14, and 
** a magnifying power of 400, or 600."^ 

Here, penetrating power was injurious ta magnifying power ; and that it neceflarily 
muft be fo, when carried to a high pitch, is evident ; for, by enlarging the aperture of the 
telefcope, we increafe the evil that attends magnifying, which is, that we cannot magnify 
the objeft without magnifying the nicdiuns Now, fince the air is very feldom of fo 
homogeneous a difpofition as to admit to be magnified highly, it follows that we muft 
meet with impurities and obftruflions, in proportion to its quantity. But the contents of 
the columns of air through which we look at the heavens by telefcopes, being of equal 
lengths, muft be as their bafes, that is, as the fquares of the apertures of the telefcopes; 
and this is in a mitch higher ratio than that of the increafe of the power of penetrating into 
fpace. From my long experience in thefe matters, I am led to apprehend, that the higheft 
power of magnifying may poQiblv not exceed the reach of a 20 or 25-feet telefcope; or 
may even lie in a lefs compafs than either. However, in beautiful nights, when the out* 
fide of our telefcopes is dropgjng with moifture difcharged from the atmofphere, there are 
now and then favourable hours, in which it is hardly poflible to put a limit to magnifying 
power. But fi^ch valuable opportunities are extremely fcarce; and, with large inftru^ 
ments, it will always be loft labour to obferve at other times. 

As I have hinted at the natural limits of magnifying power, I (hall venture alfo to ex- 
tend my furmifes to thofe of penetrating power. There feems to be room for a confide- 
rable increafe in this branch of the telefcope ; and, aa the penetrating power of my 40-feet 
refledor already goes to 191969, there can hardly be any doubt but that it might be carried 
to 500, and probably not much farther. The natural limit feems to be an equation be** 
tween the fainteft ftar that can be made vifible, by any means, and the united brilliancy of 
ftar-light. For, as the light of the heavens, in clear nights, is already very confiderable ii;^ 
my large telefcope, it muft in the end be fo increafed, by enlarging the penetrating power,, 
as to become a balance to the light of all obj,eAs that are (b remote as not to exceed in 
brightnefs the general light of the heavens. Now, if P be put for penetrating power, we 

have ^ / * = ^ = 10 feet 5,2 inches for an aperture of a refledor, on my conftmc- 

lion, that would have fuch a power of 500. 

But, to return to our fubjefl ; from what has been &id before^ we may conclude,, that 
obje£ts are viewed in their greateft perfedion, when, in penetrating fpace, the magnify- 
lag power is fo low as only to be fuiScient to (hew the obje£l well ; and when, in magni- 
fying objects, by way of examining them minutely,, the fpace-penetrating power is no 
higher than what will fufiice for the purpofe ; for, in the ufe of either power, the injudi-- 
ciotts overcharge of the other, wlU prove hurtful to perfect vifion^ 

lb 
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» 

It U remarkable that» from very different principles, I have formerlj determiacd the 
length of the vifnal ray of my 20-feet telefcope upon the (lars of the milky way, fo a&>o 
agree nearly with the calculations that have been given *. The extent of what I then 
^ figuratively called my founding line, and what now appears to anfwer to the power of 
penetrating mto fpace, was (hewn to be not lefs than 415, 46X9 and 497 times the dH^ 
tance of Sirius from the fun. We now have calculated that my telefcope, in the Nevto« 
nian form, at the time when the paper on the Conftru£tion of the Heavens was written* 
poflefled a power of penetration, which exceeded that of natural vifion 6i,iS tiroes^ andf 
ae we have alfo (hewn, that ftars at 8, 9, or at mod 10 times the diftance of Sirios, muft 
become invifible to the eye, we may fafely conclude, that no fingle ftar, above /^i^tSS ^9 
or at moft 612 times as far as Sirius, can any longer be feen in this telefcope* Now* tfae 
greateft length of the former vifual ray, 497, agrees nearly With the loweft of thefe prefeot 
numbers, 489 ; and the higher ones are all in favour of the former computadoa | for tiatt^ 
ray, though taken from what was perhaps not far from its greateft exteol;, might poffiUf 
have reached to fome diftance beyond the apparent bounds of the milky way : but, if there 
had been any confiderable diffi^rence in thefe determinations, we (hould remember tha(t 
fome of the data by which I have now calculated are only afiumed* For inftaneet if tbip 
opening of the iris, when we look at a ftar of the 7 th magni{ude, (hould be only oae^teotli 
of an inch and a half, inftead of two, then 0, in our formula, will htzz 1,5 s wUelib 
when refolved,^ will give a penetrating power of 81,58) and therefore, oti^this fuppofitioobi 
oui: telefcope would eafily havjc (hewn ftars 571 times as far frpm us as Striusi and oolf 
thofe at 653,734, or 816 times the fame diftance, would have been beyond its reach. My 
reafim for fixing upon two- tenths, rather than a lover quantity, was, that I nii|^ 9oe 
run a riik of over-rating the powers of my inftruments. I have it however in content 
plation, to determine this quantity experimentally, atid perceive already, that the dtficul* 
ties, which attend this fubje£i may be overcome. 



It now only remains to (hew, how far the penetrating power, 192, of my large refleftoTf 
will really reach into fpace. Then, (ince this number has been calculated to be in pro- 
portion to the ftandard of natural vifion, it follows, that if we admit a ftar of the 7th 
msignitude to be vifible to the unaflifted eye^ this telefcope will (hew ftars of the one 
thoufand three hundred and forty-fecond magnitude. 

But, as we did not ftop at the fingle ftars above osentioned, when the penetration of die 
natural eye was to be afcertained, fo we muft now alfo call the united luftre of fidereal 
fyftems to our aid in ftretching forMrards into fpace. Suppofe therefore, a clufter of 5000 
ftars to be at one of thofe immenfe diftances to which only a 40»feet reiedor ean reaeb» 
and our formula wiH give us the means of calculating what that may be. For, putting i 
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for the number of ftars in the cluftcri and D for its diftancc, we have zr jD* 5 

a 

which, on computation, comes out to be abore 1 1 ^ millions of millions of millions of 

miles ! a number which cicecds the diftance of the neareft fixed ftar, at lead three hua* 

dred thoufand times. 



From the above confiderations it follows, that the range for obferving, with a telefcope 
fuch as my 40-feet refledor, is indeed very extenGve. We have the infide of a fphere to 
examine, the radius of which is the immenfe diftance juft now affigned to be within the 
reach of the penetration of our inftruments, and of which all the celeftial objeAs vifible to 
the eye, put together, form as it were but the kernel, while all the immenfity of its thick 
ihell is referved for the telefcope. 

It follows, in the next place, that much time muft be required for going through fo ex- 
tenfive'a range. The method of examining the heavens, by fweeping over fpace, inftead 
of looking merely at places that are known to contain objefls, is the only one that can be 
uicful for difcoveries* 

In lorder therefore to calculate how long a time it muft take to fweep the heavcBS, as far 
as they are within the reach of my 4o-feet telefcope, charged with a magnifying power of 
1000, I have had recourfe to my journals, to find how many favourable hours we may an- 
nually hope for in this climate. It is to be noticed, that the nights muft be very clear-; 
the moon abfent ; no twilight ; no hazinefs ; no violent wind » and no fudden change of 
temperature ; then alfo, (hort intervals for filling up broken fweeps will occafion delays i 
and, under all thefe circumftancea, it appears that a year which will afibrd 90, or at moft 
200 hours, is to be called very productive. 

In the equator, with my 2Q-feet telefcope> I have fwept over zones of two degrees^ 
with a power of 157 : but, an allowance of 10 minutes in polar diftance muft be made, . 
for lapping the fweeps over one another where they join. 

As thd breadth of the zones may be increafed towards the poles, the northern hemi« 
fphere may be fwept in about 40 zones; to thefe we muft add 19 fouthern zones; theo^ 
59 zones, which, on account of the fweeps lapping over one another about 5^ of time ia 
right afcenfion, we muft reckon of 25 hours each, will give 1475 hours* And, allowing 
]K)0 hours per year, we find that, with the 20-feet telefcope, the heavens may be fwept ia 
about 14 years and ^ 

Now, the time of fweeping with diiFcrent magnifying powers will be as the fquares of 

the powers ; and, putting f and t for the power and time in the 20-fcet telefcope, and P 

t P* 
=3 uxK) for the power in the 40, we (hall have /•:/:: 2^ : .JL^ cs 59840. Then, ma» 

* i) = 1176^475948(7867(679 miles* 

king 
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king the fame allowance of loo hours per year, it appears that it will require iJbt kfs 
than 598 years, to look with the 40-feet refle£tor, charged with the abovementioned power, 
only one fingle moment into each part of fpace ; and, even then, fo much of the fouthem 
hemifphere will remain unexplored, as will take up 2 1 3 year^ more to examine. 

Sloughy near W^tndfor^ y^ne 20, 1799. 



III. 

Enquiries relative to the Laws of Affinity. By ClTlZES BerthoLLET^ Member of the 
National Injlitute^ life. Abridged hy CiT. BoUtLLOJK LagRAHGR.^ 

X HE publication of the work of Cit. Berthollet on the affinities, has long been etpe£ied 
by chemilts. Their anxiety was doubtlefs very natural ; for an obje£i fo important could 
only be completed by that celebrated individual, whofe difcoveries have been fo highly 
advantageous to fociety. 

The work here announced cannot be abridged without difficulty ; for by prefenting the 
reader with a mere analyGs of each article, much information would be loft« Hence we 
(hall frequently fuffi:r the author to fpeak for himfelf, as his work is a collefiion o£ fafts, 
upon which the theory is eftabliflied. 

Cit. Berthollet has divided his memoir into fifteen articles : 

In the firft of thefe, the author makes a panegyric upon Bergmann, who deroted his 
attention to this fubjedl with the greateft fuccefs. Cit. Berthollet has principally attended 
to the work of the Swedilh chemift, when treating on this fubjeA. He then ftates the 
obje£t of his memoir : *^ It is my intention" fays he ^* to prove that the eleftivc affinities 
do not z& like abfolute forces, by which one fubftance might be difplaced by another in a 
combination ; but that in all the compofitions and decompoGtions which are owing to 
elective affinity, a divifion is made of the obje£t of the combination between the fubftances 
whofe adlions are oppofed ; and that the proportions of this divifion are determined not 
only by the energies of affinity of thefe fubftances, but alfo by the quantity with which 
they a£l; fo that the quantity may compenfate for a want of the affinity, and produce a 
fimilar degree of faturation. 

If, continues the author, I eftablifli that the quantity of a fubftance can fupply the want 
of force of its affinity, it will follow that its adion will be proportionate to the quantity 
neceflary to produce a determinate degree of faturation. I denominate mafsy that quantitf 
which is the mea/ure of the capacity of the faturation of diffi:rent fubftances. 

When therefore I compare tlie affinities of fubftances, I (hall dire A my attention to the 
ponderable quantity, which in this comparifon ought to be equal ; but, when I compare 

« ^annalci de Chlxnlei XXXVI. 302. 

their 
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tbelr a£lion, which is compofed of both their affinity and their proportion^ I muft i^ 
confider the mafs* 

The author next obferves, that in the following difcuffionsy he (hall principally make 
ufe of acids and alkalis, among which he comprifes thofe earths which aA as fuch ; becavfe 
they exercife great powers^ which may difpel the influence of flight caufes ; and becau(e 
they often produce comparable degrees of faturation, and aflFord refults which may be eafiiy 
obferved. But the confequences drawn from their properties by CIt. Bertbollet, are applr* 
cable to all other combinations. It is proved by many examples, that the principle efta* 
bliflied by the author extends to the whole chemical a£tion of bodies. 

After having proved by diredi experiments, that the chemical aftion of fubftances, of 
which the forces are oppofed, does not depend upon their affinity alone, but likewife on 
their quantity, the author flates that he ftiall make choice of obfervations on diflrerent kinds 
of combinations which will confirm this principle,- and prove its extent. I (hall examine, 
he continues, the circumftances which modify it, or thofe aflfeflions of bodies which 
favour or dimini(h their chemical a£lion, and which caufe the proportions of the combi- 
nations which they are capable of forming to vary : I (hall apply thefe confiderations to the 
complex affinities, and to thofe of compound bodies i and laftly, I (hall endeavour to 
determine the bafis on which the general and particular theories of chemical phenomena 
ought to be e(labli(hed, 

ARTICLE 11/ 

Experiments nvhich prove that in the EleBive Affinities^ the oppofing Subjlances divide that 

Body which is the SuhJe^I of the Combination. 

.To demondratc the truth of this propolition, Cit. BerthoUet defcribes fcveral experi-> 
ments, from which we (hall quote the following: I kept, fay^he, in a (late of ebullition 
in a fmall quantity of water, an equal weight of pot-a(h, purified by alcohol, and of ful- 
phate of barytes. The operation was made in a retort, and confequently without the 
conta£l of air, and continued till the mixture was evaporated to drynefs : the refiduum was 
treated with alcohol, which diflblvcd the pot-a(h, and afterwards with water. The latter 
efFe£led a folution which alfo exhibited alkaline properties. This alkali was faturated with 
acetous acid, after which there was formed, by evaporation, a confiderable quantity of 
fmall cryftals, which poflTcircd all the charafters of fulphate of pot-a(h ; fo that the ful- 
phate of barytes was partly decompofed by the pot-a(h, and the fulphuric acid was 
divided between the two bafes. 

The other experiments were made, 

I. With fulphate of pot-a(h and lime: 2* With oxalate of lime and pot-a(h: 3. With 
oxalate of lime and nitric acid : 4. With phofphate of lime and pot-a(h : 5. With pot-a(b 
and carbonate of lime : 6. With foda and fulphate of pot-a(h. 

In the whole of thefe experiments it is feen that thofe bafes, which are admitted as 
forming, with the acids, the ftrongeft and moft permanent combinations, were partly 
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fxtf icattd bf t hktz to which t weaker affinity i$ attribated | fo that the acid wai dirided 
between the two bafes. It is lilcewife obfenred that the acids arc partly difengagcd from 
their ba(e by others, the a^oity of which is confidered as inferior, fo that the bafc i» 
divided between two acids. 

The author premifes, that if ^a fmall quantity only of the decompofiug fnbftancc be 
employed, the t1k(k will not be perceptiblci and he concludes, that when any fubftaoce 
aAs upon a combination, that which is the Aibje£l of the combination is divided between 
the two other fubflances, not only according to the refpeflivc energies of their affinity , but 
likewife according to their quantity. 

ARTICLE III. 
Okfervathns nvbich confirm tht Principle vf the Chemical ABion in Proporiicn tc the Adafs. 

The author makes obfervations on difierent kinds of combination expofed to an ele^ive 
affinity, and examines whether the principle of chemical adlion, in proportion to the mafs> 
be not precifely applicable to their explanation. 

If, as he obferves, we treat the carbonate of pot-afli with lime, we cannot deprive the 
pot-aih of all its carbonic acid, even by making fucceffive operations with fireffi lime ; and 
if we evaporate the fluid, the refiduum is ftiU capable of effervefcence, on being £iturated 
by the acids, becaufe the pot-aih which remained prefent with the lime oppofed its aAioo ; 
and, the greater the quantity of carbonic acid which has been before abforbed by the lime,, 
the more powerful is the pot-a(h to maintain its combination with this acid. 

When the equilibrium is eftabliflied between the a£tion of the lime and the reliftance of 
the pot-afli, if the liquid be filtered and evaporated, we may take away, by a weak affinity^ 
that portion of alkali which is fuperabundant to the conftitution of carbonate of pot^afli^. 
that is to fay, the whole portion which is not defende.d by a confiderable mafs of carbonic 
acid. Alcohol pofleiTes this property ; the feparation is eflPefled by this fluid. The tar<» 
bonate of pot-a(h remains in folution in a fmall quantity of water, while the alcohol of 
pot-afli floats above. The feparated carbonate may again be treated with lime ; and by tbisr. 
fecond operation it may be reduced to an inconfiderable quantity. 

Cit. Bertliollet alfo quotes feveral other experiments relative to the chemical adion in^ 
proportion to the mafs* 

If a carbonate which contains an excefs of pot-aih be treated with alcohol, it caa only be 
deprived of a part of its excefs by f uch treatment* 

The other neutral falts likewife poflefs the property of retaining a part of that'pot*a(h^ 
which may be contained in them fuperabundant to their neutralization. 

It is alfo known that phofphate of lime cannot be entirely decompofed by the fulphuric 
acid ; though it has been afierted that the fulphujric acid has a greater affinity to lime than 
^e phofphoric acid^ 
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The fame happens when the fulphate of alumlne is decompofed by ammonia : the preci- 
pitate always contains a portion of fulphartc acid. 

If the magnelia of the falpbate of alumine (qu. magneGa?) be precipitated by pot-aih, 
the magnefia will alfo contain a portion of fulphuric acid ; for when the magnefia ii fub- 
mitted to ftrong heat, it is afterwards found to poflefs ratheic a ftrong tafte of falpbate. 

All: thefe experiments prove, that in chemical analyfes we are liable to errors by talcing 
that for the real weight, of alumine or m^nefia, which may hare been oontaiiMsd in a 
compound fubftance, and is merely the precipitate formed by ele£tire affinity. 

From the preceding obfervations, and many others which cannot here be given, it ap- 
pears that in operations of eleAive affinity the fubje£i: of the combination is divided 
between the two fubftances which a£t upon it> in confequcnce pf the forces they arc 
capable of oppoGng to each other. 

A circumftance worthy of attention^ and which clearly proves that die chemical a£kioa 
depends as much on the quantity as on the affinity of fubftances, is> that to produce oppo* 
(ite efiedb, it is only neceflary to make the requifite alteration in the quantities. 

ARTICLE IV. 

On thofe Moiifications of Chemical ABion^ wl^ich arifs from the InfolukUity of the Subfiances. 

The author fucceffively examines thofe affi;£kions of bodies which may difguife or modify 
the applications of the principle eftablifhed in the preceding articles. He proves* by a 
number of experiments^ i. The manner in which an infoluble fubftance a£la ^en op*' 
pofed to a combination. 2. If a fubftance poflefles fome degree of folubility, its aftion is 
compofed of that of the diflToIved part, and of that which remains folid. 3. If an infoluble 
combination be attacked by a liquid fubftanoe, the inconveniencies oif its infolubility fpee- 
dily difappear, in the cafe when it is only neceffiivy that the infoluble fubftance fliould lofe 
a part of its conftituent principles, to become liquid. 

The author next proceeds to examine -the diflFerence of fpecific gravities of the infoluble 
fubftance^ and the liquid. According to him^ this has an influence on their refpe£live 
aAions, even when agitation and heat are employed; becaufe it continually tends to fepa- 
rate the infoluble fubftance, and to withdraw from the a£iion oppofod to it. Hence there 
ta a difference on*this account between the fulphatesof barytes and of alumine. 

Laftly, as the infolubility prevents thofe proportions of divifion from taking place^ which 
might dfe have been eftabliihed by the oppofing forces, fo likewife it is found to retard 
the operation of thofe which can take place ; fo that it may eafily produce deception by* the 
iqqiearances which it affords at the commencement of an operation. For example, when 
we. mix fome concentrated fulphuric add with a folution of fulphate of pot-alh^ or any 
other fait which requires a hrge proportion of water to diflblve it, the aeid foon combines 
with the water ; and the fait which lofes its liquidity is precipitated ; but by continuing the 
experiment, and multiplying the contafls, the fait becomes diflblved, and enters into com* 
Idnation with the liquid. 

D a ARTICLE 
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A R T I C L E V. 

On Cohefion and CrjftalUzation, 

The cohefion of the particles of a body is owing to the mutual affinity of thofe particles: 
it is a force which muft be overcome by the a£lion of the fubdance which has a tendency 
to combine with thofe parts, or to decompofe their combination. It is known that clay, 
the particles of which have formed a ftrong cohefion by deficcation> is no longer attacked 
by an acid which would be capable of difiblving it when in another ftate. 

The mutual affinity of the faline particles is the caufe of cryftallization ; and this modi- 
fies the chemical action in a manner which deferves attention. The author makes fome 
remarks on this fubje£l> as well as on the force which produces cryftallization in a faline 
folution. It eftablifties a limit to which the degree of faturation of the fait in water caa 
arrive \ fo that if the water does not diflblve a greater quantity of it, this is not in confe- 
quence of its affinity being fatisfied, but becaufe it is no longer fufficiently powerful to 
overcome the refiftance of the cryftallization. From thefe and numerous other confidera^ 
tions, Cit. Berthollet concludes that the force of cohefion, which has hitherto been confi- 
dered merely as an obftacle to folution, determines the quantities of fubftances which may 
be brought into adion in a liquid ; and thus modifies the conditions of chemical action*. 
It is this alfo which caufes thofe feparations that take place, either by cryftallization or 
precipitation, and determines the proportions of the combinations which are formed by 
feparation from the liquid, when the folubility or infolubillty depends upon, thefe pro- 
portions* 

ARTICLE VI. 

On the Elajllcity of Subftances which exert a Chemical jiBion. 

When any fubftance efcapes in a gafeous ftate, in proportion as it is difengaged from 
ah intimate combination, the whole of that part which afiumes the elaftic ftate, ceafes to 
affi3rd any refiftance ; fo that the fubftance no longer ads in the ratio of its mafs. The 
fubftance prefented may in this cafe render the decompofition complete ; and it will be 
fufficient to ufe fimply that quantity which would have been requifite for immediately 
forming thp combination ip which it is to enter, or at leaft a fmall excefs only will be 
neceflary. 

This happens, as Cit. Berthollet obferves, with the carbonic acid, when it forms a 
carbonate, and another acid is prefented to it. This laft acid, which a£ts in proportion to 
its mafs, may, even with an affinity inferior to that of the carbonic acid, fucceffively expel 
it from the combination, even till none (hall remain, provided it be employed at firft in a 
quantity rather greater than would have been neceflary for immediately forming its com* 
bination with the bafis; 

From all thefe fads prefented by the author, it follows that elafticity produces effirds 
analogous to thofe of the force of cohefion, by modifying, in an oppofite diredioB) the 
tfieds of the affinity proper to each fubftance. 

4 ARTICL? 
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A R T I C L E Vn. 

Of the ABion of Caloric. 
' In this chapter CIt. Berth'oUet examines the adiion of caloric upon bodies, and the phe* 
nomena it produces in the vari6u^ combinations or decompoGtions. Articles VIII. and IX* 
contain a great number of experiments on efflorefcence and on folrents. 

What Cit« Berthollet underftands by efflorefcence, is the property of rifing above the 
mafs, and of feparating from it by chemical aflion. 

In order that foda may rife in efflorefcence, he obfenres, it muft neceflarily hare com- 
bined with carbonic acid, which it can attra£l from the air of the atmofphere ; but the 
t£tion of the carbonic acid, which is very fmall in quantity, and in an elaftic (late, cannot 
fenfibly add to the force which has produced the feparation of the foda, from the combi- 
nation in which it is found ; it only feparates the eliminated part, and hinders it from 
continuing to zSt upon the combination. 

With refpe& to folvents, the author is of opinion that their ufe is to overcome the 
refiftance wluch arifes from the cohefion of the parts intended to be brought into adlion^ 
or from their elafticity, and to increafe their mutual conta£l« 

Solvents a£^ upon fubftances, which they diflblve by their affinity and their quantity^ 
like all fubftances which have a tendency to combination ; and to thefe is applicable all 
the do£lrine of the combination of bodies. The author takes water for his example, which 
18 moft frequently employed as a folvent. 

Cit. Berthollet then examines the circumftances in which this a£lion may change or fen- 
fibly modify the refults ; and this leads him to o£Fer a feries of experiments ; on which he 
eftablifbes a luminous theory. 

This article is concluded by fome remarks upon caloric* The author conceives it to zO: 
upon bodies which are not equally dilatable in a manber fimilar to folvents, by attacking 
the force of cohefion, and thus enabling the particles to exercife their mutual a£lion. Its 
a&ion concurs with thofe of the folvents, in oppofing the force of cohefion : whence it 
happens, that the folution of a fait by water varies according to the degrees of tem- 
perature. 

When caloric a£ls upon fubftances not equally dilatable, it produces feparations am) 
new combinations, independent of the affinity peculiar to fubftances ; in the fame manner 
as the folvents when they a£t upon fubftances not equally foluble. 

{To be continued*) 



Supplementary 



9a >^ A^Keatim ^ the Sfptm. 



IV. 

Ss^pUffUHtary LeiUr on the Sjiphpn^ U the CpmmufHcatkti «l f^ 547 rf Ai Iqfl F^bmm. 

By Mr. WlLtlAH ChOZft. 

To Mr. NICHOLSON. 
SIR, 



V, 



ALVEB coTcred viith leather may be adapted to the ends of the finall |»ipei» and tkef 
may be opened by drawing a wire after tlic external valve h^f clofed iit« tube. For this 
purpofe a long fmall pipe mud be fixed into the bottom of A W» (PL XXlV« Fig. i.) mnik rife 
to near the top of that veflel, and its lower end be immerfed in a veflel of waier belov tbs 
loweft part of the fyphon. The wire mud pafs through this pipe, and be fixed to oac kver 
within the vefiel for raifing the valves, and to another below the bottoar oC the pipe^ coa* 
ne£led with the moveable veiTels above. When the fecond and fourth vefielaaTceadf thcvaJim 
will open I unlefs they are prevented by the weight of water in the fyphos^ and water will 
rife in the fmall wire pipe, but cannot enter the veflel A W. The afceot^ however, win 
extend through a fpace nearly equiil to the leng^ of the defccnding eolirain in the 
fyphon. 

A very eafy and extenfive method of rendering a£live the preflTure of the atmofphoia is 
here prefented to our notice. The veflel A W may be filled with water through a fmall 
vertical pipe, without receiving any from the fyphon, to which it need only be coone&od 
by an air pipe. 

By the fame principle water may be raifed to a confideraUe height above the fyplioo. 
To return, however, to our former fubje£^, the water in the pipe will completely prevent 
the admiflion of air into the receptacle of raifed water: it ferves the purpofe of packing 
or leathering. 

The water in the veflel A W, will never reach the higher end of this pipe, becaoie it 
cannot rife above the air pipe conneAed with the fyphon* 

If fuch a long pipe frould be inconvenient, a much (horter one may be ufed, if itt 
lower end be immerfed in mercury inftead of water ; it may then alfo be eonfiderably wider 
than the other, and an iron rod of a rather lefs diameter may be placed within it to pnih 
up the valves. If the valve of the water tube be made light, it will open and (hut without 
any affiftance. 

The veflel A W. (hould not be large ; the top part of it (hould be fixed on ^th fcrews, to 

allow the valves to be eaCly taken out and repaired. Two cocks in the fmall pipes oppofite 

A and 'W' will then be ufeful to prevent the depreflion of the columns in the branches of 

the fyphon. 

It 
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create fufpicion in the minds of many who hare oonfidered them attentifdfy Aat the doc- 
trine which affirms this proceTs to confift merely in a direA comhination of caloric is not to 
be admitted without limitations. They haTC regarded diefe limitations, howerer, as only 
partial exceptions to a general law : and my prefent pnrpofe is to (how that, e?ea in its 
moft general acceptation, die do£hine is open to Tery weighty objeAions. 

I (hall cndeaTour to explain myfelf in examining what grounds we have for the fuppofed 
analogy between raporization and liquefaction ; what indications we have as to the real 
a£iion of caloric in vaporization \ and whether the probability both of analogy and of £iiAs 
ihould not incline us rather to refer the vaporous modification of bodies to the da(s of 
chemical degompoCtions. 

The moft important and chan£teriftic circumftance attending the phenomenon of lique- 
faction is the uniformity of temperature at which it takes place. And it is here that a moft 
obvious failure in the fuppofed analogy of vaporization prefents itfelf. It is not fnfficient 
for this analogy that in Cmilar circumftances water, like ice, cannot prefierre its fbrm 
beyond a certain temperature. It would require alfo that water, like ice, (hould not be 
capable of changing its form below that temperature. So little, do we find this the cafe, 
that many circumftances connected with evaporation give us reafon to conclude that, 
when not impeded by mechanical reCftance, there is fcarcely any temperature at which it 
may not take place ; and that, without any variation but as to the rajudity with which it 
is performed. I (hall enter into no examination here of the attempt to refcue the analogy 
in queftion from this obje£tion by referring what is called the fponcaneoos evaporation of 
liquids to the folvent action of air, becaufe- in as much as rerpefls the principle of the 
objeftlon, the phenomenon is equally evident whether air be prefent or not. 

But to come more directly to the point, let us attend to the circumftance by which fup* 
pofed analogy between liquefaction and evaporation is deemed peculbrly exprefied. 
This is the appearance in each cafe of a quantity of combined caloric. It will be feen in 
the fequel that I am far from being difpofed to deny this combination in the phenomena of 
evaporation. All that I have to obje£t to is the idea of its indicating a correfpondence oJF 
principle between thefe phenomena and thofe of liquefaction. The appearance (rooi 
which the combination of caloric in the former cafes is inferred, are thofe of its becoming 
latent in the production, and again fenfible in the condenfation of vapour. It muft be 
obferved, however, in the firft place, that the caloric concerned in thefe two phenomena 
is by no means the fame. Mr. Watt found that vapour produced in vacuo at a tem- 
perature. 70% gave out, on its condenfation, a quantity of caloric equal to 1200^ or 1300^. 
And, as it muft be needlefs to (how that fuch a quantity could not have exifted in the 
vapour on its original production, it is evident that this at leaft cannot be regarded as 
having any eftential relation to its conftitution. 

Let us fee how far the caloric which is aCtually prefent, and becomes latent in the 
formation of vapour, can be underftood to denote a conformity between this modification 
and that of liquefaCtion. That this is not implied by the mere cirvumftancc itfelf, is 

evident 
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evident from the variety of cafes in which we fee it to take place during chemical 
changer of tfie moft different kindSf and even in fome modifications which muft be ac« 
counted purely mechanical. BeforCi therefore, the latent combination of caloric can fervc 
as any index of phyfical analogy between two phenomena^ there muft be (hown to exift a 
correfpondence in the other changes with which it is refpedively aflbciated. So little do we 
find of this correfpondence here, however, that the changes moft intimately and eflentially 
conoediei with it are in the one cafe an expanfion, and in the other a diminution of 
bulk. 

Nor do we find the comparibn at all better fupportcd, if, attributing the latent abforp- 
tion of caloric to a previous change of capacity, we attempt to fubftitute this as an indication 
of the analogy in queftion*. This change of capacity itfelf requires, no lefs than the 
abforption of caloric, the fuppoGtion of a previous modification, and if, with the generality 
of authors, we refer this modification to change of form, the fame difficulty occurs as 
before, viz. that of conceiving how a fimilar change of form can be attended with 
augmentation of volume in one cafe, and diminution of it in the other. Befides that to 
afcribe the change of capacity in vaporization and liquefaAion to change of form, inftead 
of bringing us to the caufe of the phenomena, is only leading us back to the phenomena 
themfelves, and thus returning to the fame point from which we fet out. The only way 
by which it has been attempted to efcape from this circle has been by refting the im- 
mediate occaCon of the phenomena on the change of temperature: and how very little 
tins is to be trufted to as an index of analogy between vaporization and liquefaflion, has 
already been feen. 

But we may eafily fatisfy ourfelves of the fallacy of the fuppofed analogy between thefe 
two modifications of any body^ if we attempt to infer from it the correfpondence of the 
dianges which fuch a body fliould exhibit with refpe£t to both in confequence of the fame 
changes in the conftitution. Thus, if the analogy were to be depended on, the fame 
change of conftitutiOn by which the freezing point of water becomes lowered, fiiould 
lower alfo its boiling point. I need tiot point out how grofsly fuch inferences would mif- 
lead us. And if the folvent a£lion of the air may ferve to fcreen this analogy from the 
abfurdity of fome of thefe implications, it has at the fame time introduced other incon* 
fiftencies which are equally grofs. According to this, the influence of air and of caloric 
in prodi«cing evaporation being fimilar, we fliould expe£l that when the a^ion of the 
former is added to that of the latter, the evaporation fliould be more fpeedy than when the 
latter exerts itfelf alone. In other words, that the fame quantity of evaporation flioufd be 

♦ How little information we derive, however, from being told that the abforption of caloric is a con« 
fcquence of increafe of capacity, is eafily feen by attending to the meaning of the term. An increafe of ca- 
pacity is a power of 'combining with a greater proportion of caloric at the fame temperature. The whole 
fccret of the explanation therefore confifts in this : that folid bodies, in becoming liquid, combine with a 
greater proportion of caloric at the fame temperature, becaufe they thereby acquire the foivcr of combining 
with a greater proportion of caloric at the fame temperature. 

Vol. v.— April 1801. E produced 
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pyoduced in the prefence of air by, a lefs quantity of caloric flian is required in \U abftttet* 
The contradiSlion of thisi by experiment, is explained by telling U5 the air, being after 4 
ihort time faturated with water, ads merely by its mechanical prefiurci and that co ovcf- 
come this preflure the vapour requires the combination of a greater proportion of caleric« 
Yet, after all, we find that vapour in the formation of which tliis exceflive quantky of 
caloric has been employed, manifefts confideraUy lefs caloric in its condenfation than 
vapour produced in vacuo with a heat of 70^. 

In what, then, have we reafon to believe the aftion of caloric in evaporation to conGft ? 
From what has been already faid, and particularly from the experiment juft noticed, wc 
have, I think, reafon to conclude that no known phenomena authorize us to refer it to any 
diredl fpecific combination. Were this fuppofed, it would furely ht expe£ked that wc 
ihould affign fome determinate proportion to fuch combination. If this cannot be done, 
if we can in no refp^ft fo proportion the caloric applied that it {hall uniformly produce 
the fame modification, however we may think ourfelves able to account for this difierence 
of eflFedl, our explanation mud inevitably imply that there is fome condition more eflential 
to evaporation than the union of caloric. Thus, as in the explanation of the impediment 
which evaporation fuftains from the preflure of the air, it cannot be pretended that this 
ad:s by preventing in the firft inftance the dire£t combination of caloric, but by preventing 
this combination from producing the effedls which would otherwife accompany it, we are 
fully authorized to conclude that the diredl combination of caloric is not, as the ordinary 
theory of this phenomenon, and as all analogy drawn from thfe phenomena of liquefadiioa 
would imply, the determinate fpecific caufe of evaporation. 

' It becomes interefting, therefore, to inveftigate that more eflential condition of this 
phenomenon, which the common charafler of all the circumftances which modify it in- 
dicates to be expanjton : and, fince we find that it is by the degree in which this condition 
is induced, and not by the quantity of caloric a£lually prefent that the agency of the latter 
in evaporation is to be meafured, and fince we find that expanfion has a conftant tendency, 
even independently of caloric, to caufe evaporation, we mud expeffc to derive, from tracing 
the modifications which this condition implies, our moft comprehenfive ideas of the prin-» 
ciples of thefe phenomena. 

Viewing the expanfion of a body in its moft iimple light, merely as indicating a dimi- 
nution in the attradive tendencies of its particles, there are two ways in which our 
knowledge of thefe tendencies fuggefts to uS|that it may be efFefted : on^, by a change in 
the ftrufture or configuration of the particles themfelves •, the other, by a change in die 

* The influence of. the air has indeed been an equal fubje^l of perplexity with thofe who have attempted 
to aflbciate it with the agency of caloric in evaporation, and with thofe who have excluded it from this 
aflbciation. If we would believe the moft celebrated advocate of the latter opinion, it is alike to th^ 
mechanical influence of the air (lor he denies it to have any influence but mechanical) that we are to attribute 
the liquefaftion of vapour at one degree of preflure, and its power of refilling liquefa^on when fubjcftcd to 
a greater. See De Luc's Theheocalagie, Vol. I. p. 20^ &c» . 

3 autttal 
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greater or lefs degree not only the cohefive but the conftituent affinities o( oompoond 
bodies *• In fa£l, if we confider attentively, we (hall find that we can form no accurate 
conception of a change produced in the former which (hall not ztkGt proportionally the 
latter. As the cohefive affinity of a compound body owes its exiftence to the conftituent 
affinities of its parts, the idea of a diminution in the former includes in itfelf the idea of a 
correfpondent diminution in the latter. 

Thus, then, we find that every fuggeftion of analogy would lead us, i priori, to expeA 
that a partial or complete difunion of parts fliould always attend the combination of com- 
pound bodies with caloric ; and, confequently, that their evaporation is to be regarded as a 
true decompofition. In fubmitting it to the dirtGt teftimony of fa£ts, however^ the phe- 
I nomena of evaporation will be deemed in two refpeds irreconcilable with the theory which 

thefe analogies would fugged. The diffirrent parts of fuch bodies, it will be faid, do not 
efcape in that fucceffion which their different degrees of volatility would thus indicate: 
nor does their appearance after the procefs accord with the idea of their decompofition. 
With refpe£l to the latter, however, to infer that there is no decompofition, becaufe the 
fubftance colle£led after evaporation prefents the fame appearances which it had before^ is 
not an admiffible dedudion : fince the vapour cannot be fo collefied without having its 
caloric attached ; and as the theory fuppofes the combination of caloric competent to the 
difunion, it implies equally that the feparation of caloric will be effi:£tive of the re-union 
of the component principles. 

But there are alfopofitive fa£ls to be oppofed to the obje£^ion. Numerous inftances of 
evaporation occur in which we do fee evident marks of decompofition, and of a decompo- 
fition which we can afcribe to nothing but the combination of caloric. Dr. Prieftley's ex- 
periments on the generation of air from water, viewed independently of the theory which 
he connedled with them, afford (trong illuftrations of it. The ready difunion of the parts 
of vapour by many fubftances incapable of decompofing it in the ftate of water ; as well as 
the indications which Count Rumford has noticed of the decompofition of water in 
operations of cooking, muft be admitted as at leaft prefumptive proofs. And the com- 
buftive qualities of the vapour of the eolipile, and feveral phenomena of a fimilar kind^ 
prefent evidences of decompofition fufficiently fatisfa£tory f . Nor are the evidences of a 

fimilar 

* I did not know till after I had written the above> that Foureroy> in fpeaking of the capacity of hydfo- 

gen for caloric, had expreflTed himfelf in the following manner : " It even appears that this bafe, though 

** combined with oxygen in water, ftill pofleflfes the property of abforbing a great deal of heat. And that 

** it is this property which renders vapour fpecifically lighter than air/* Difcourfe on Modem Chcnyftry. 

t To thefe may be added the very important inferences to be drawn from meteorological phenomena^ 

'^\ ^ rclpefling the decompofition of water in what is called fpontaneous evaporation. I muft acknowledge my* 

* ^> iblf indebted for much light on thefe phenomena to a very ingenious paper on the fubjef^, in the Bflays by a 

Society at Exeter, aild I am difpofed to differ from the author only on thofe points in which he feems to 
differ from himielf. The true tenor of his arguments is certainly to^provc that water exifts in a decompofed 

ftats 
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It requires little attention to difcern that the fancied analogy between, the cold which it 
j>roduced In evaporation and in Uquefadiion, has in reality nothing for its fapport but the 
generality of occurrence in each phenomenon. The cold which takes place in liquefaAion 
is a mere confequence of the fubje£^ of the liquefa£tion being furrounded by bodies of a 
higher temperature than its own, whofe caloric therefore is in fome part detached^ on the 
general principle of its tendency to equilibrium *• In evaporation, on the contrary^ the 
circumftances are nearly the reverfe. The fubje£l of this procefs has in general a higher 
temperature than that of the fubftances around it. The tendency to equilibrium between 
thefe will not account therefore, as in the cafe of liquefa^on, for the cold which takes 
place. We muft look forward for the occaGon of it to the produ£l of the operation. 

We (hall be aflifted in our esiamination of this by premifing, that we have no inftance 
in the whole phyfical hiftory of nature of a fubftance producing cold in confequence of 
4ny difference between its capacity and that of the furronnding bodies, unlefs it have at 
the fame time a temperature a£tually inferior to their's. I have already (hown that the 
cold produced in the liquefa£lion of ice is to be referred to this : and we may eafily fatjsfy 
ourfelves that in no frigorific phenomena whatever have we reafon to afcribe it to any 
thing elfe. Thus in mixtures of falts and fnow, it as hot the change of capacity which is 
the proximate caufe of the attra£lion of caloric from furrounding bodies. It is merely the 
remote caufe of it by the redu£tion which it occafions in the temperature. By this change 
of temperature only are we able to judge of the nature and extent of the change of capacity, 
and the accuracy of this idea is clearly demonftrated by the uniformity of its correfpondencc 
with the change which we find produced in the freezing point of the new compound. 

From thefe confiderations we have a right therefore to infer, that the vapour of water^ 
ether, &c. cannot produce cold in the furrounding bodies without having a tempefnture 
a£lually inferior to their's- But we know that^the evaporation of thefe fubftances produces 
cold when the temperature of the furrounding bodies is greatly inferior to that which is 
univerfally deemed eflential to the fubfiftence of thefe vapours. We know that, were it 
poflible fer the vapours of water, or of ether, to fubfift at the temperature here implied, 
inftead of fubtrafling caloric from fuch bodies, they would impart their own to them and 
undergo condenfation. We know alfo that, if it were poflible for the vapour of water 
(for inftance) to fubGft at a temperatore as greatly inferior to that of aia^, it would have a 
much greater affinity for the caloric of the evaporating Water than the water itfelf: of 
courfe that, whilft fuch vapour was prefent, the evaporation could not proceed, wliich is 
contrary to h&» We are inevitably led to conclude, therefore, that the cold here pro* 
duced, is not produced by the vapour (underftanding the word in its ordinary accepution) of 
the fubjeft of the operation. Nor do I conceive how it is to be accounted for, but by afcribing 

; ^ The cold in thi« cafe is inaccurately fnd to be the confequence of change of capacity. Thia. change of 
capacity, merely determines the extent to which the proximate caufe, the inequality of temperature^ ihaU 
operate. This difUn£lion, though as obvious, is not fufficieatly attended to* 
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two tubes 18 cemented in a handle of turned wood, C, by which it is held in the hand ; the 
other end is clofed by a brafs cap, D j the diftance between the extremities of the fmall 
tube and that of the large one is filled with red wax ; B, B, on the cap D is fcrewed at 
pleafure, either a ring E, or a brafs hook F. The ring is ufed for applying the inftru* 
ment to the ball of a conduf^or, and the hook when it is hung to a ring : on the cap D is 
a brafs ftem G, terminating by a knob. This (lem is bended, and the extremity of its 
knob muft be diredly beneath the line with which the graduated fcale of the fmall tube 
commences* 

Round the large tube is a brafs ring H, half of which extends to the length of twelve or 
fifteen lines, in the form of a half tube P, applied againft the fides of the tube. This 
gutter ferves to mark the degrees, by Aiding along the graduated fcale by means of a but- 
ton beneath, I. On the ring H is fixed one of the fmall eledlrometers invented by 
Saufliire, K, K, which is furmounted by a ftem V, on which ftem is fixed at pleafure 
either a point L, or a ball M, of the fame fize as that which terminates the ftem G, op* 
pofite which it is placed. The extremity of this point orball muft be placed immediately 
over the extremity of the half tube or fcale P, and horizontally to the centre of the ball, 
which terminates the ftem G. 

At the top of SaufTure's eledrometer is a fmall ring N, which ferves to conne£k it with 
the chain Z, when required. 

To explain the ufe of this inftrument by a fingle experiment, I charge a Leyden jar, till 
the fpontaneous overflowing announces it to be faturated. I then place the ring E on the 
knob of this bottle, and caufe the eleflrometer of Sauflure, armed with its point, to Aide 
towards it. I remark the degree at which |be divergence of the thread ftream commences, 
and at that inftant I fupprefs the point, and adapt in its place the ball M. I continue to 
advance the ele^rometer of Sauflure till the eleftric prefllire of the atmofphere in the jar 
caufes the threads to diverge. I again obferve the degrees, replace the point L, and elofe 
the (butters of my chamber; I then continue to advance the eledtrometer till the luminous 
point appears, which again aflfbrds new degrees. Laftly, I replace the ball M, and fix 
the chain Z to the fmall ring N $ I caufe it to communicate with the exterior coating of 
the jar, and advance the eledlrometer till the explofion takes place. Then comparing the 
different degrees, I afcertain the comparative diflerence between the refpe£tive methods. 

As foon as thefe relative proportions have been once accurately afcertained by attentive 
obfervations, one of thofe methods alone will be fuflScient for meafuring the intenfity of 
elediricity, and in fad, if the body intended to be fubmitted to examination be little 
charged with the eledric fluid, the diverging of the threads by means of the point, will fix 
die limits of the ele^lric atmofphere : if it be more, the preflure of the atmofphere on the 
hall M, which is fubftituted for the point, will indicate this quantity. In fhort, if the 
body be loaded with a confiderable mafs of eledric matter, it will be fhown by the lumi- 
nous point. If a Leyden jar, inftead of being pofitively, is negatively ele£trified, the 
4 point 
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point indicates it at the fame time that it meafures the ele£):ric atmofphere ; for inftead of 
a luminous pointy a ftar will be obferved upon the ball of the jar, and another at the end 
of the point. 

Let us now apply this eleftrometer to ufeful obfervations : 

In order to conned: the idea of a determinate quantity of fluid to each degree of the 
eledlrometer, it is neceflary to compare thefe degrees with the known quantities* Suppofe 
for inftance I have a jar, the coating of which is fix inches fquare ; I eledlrify it till a 
fpontaneous difcharge takes place> and remark, by means of Henley's eIe£trometerp at 
what degree this difcharge is effected. I again ele£trify the jar, till it is nearly faturated, 
and meafuring with my eleflrometer, I obferve> that the luminous point appears for in- 
. ftance, at two degrees ; I then fay, chat when my ele^hometer, applied to an eledrified 
body, marks two degrees, the body contains fix inches fquare of ele£iricity. I repeat 
this experiment with a plate of glafs, the coating of which is feven, eight, ten, or twelre 
fquare inches, and I form a fcale of proportion, which is of the greateft utility in accurate 
experiments. • 

In endeavouring to afcertain fome of thefe propofitions, I made an obfervation which 
has convinced me of the utility of my ele£lrometer in difcovering the capacity of eledlric 
apparatus. Having taken a jar from an ele£tric battery, I elefbrified ^, and meafured it 
with a point which I pafled along a firing of filk ; on obferving the diftance at which the 
luminous point appeared, I joined this jar to another of the fame fize, and imagined that 
by doubling the quantity of matter, the meafure I had taken would alfo be doubled ; 
on the contrary, however, the latter meafure was not more than about one third of the 
former : I then added a third bottle, and ftill obtained nearly the fame refult ; whence the 
following propofition appears to be eftabliQied ; namely, that the extent of the ele£tric 
atmofphere is in an inverfe ratio to the quantity of fluid accumulated. Another obferva- 
tion which I have feveral times made, on meafuring the ele£lric atmofphere of a conduc- 
tor, is, that the limits of this atmofphere form an elliptic figure around the- body, nearly 
fimilar to that reprefented at Fig. 2. 

This, doubtlefs, arifes from the eleflrified body fufpended in a chamber, being nearer 
to the earth than the cieling ; but it would be a curious experiment to meafure it at an 
equal diftance from every attracting body, in order to obferve whether the fluid has not 
really a tendency to defcend towards the earth, rather than in any other dire^ion. It is 
my intention to repeat this experiment, as I confider it of gre;it importance to afcertain 
whether ele£lricity gravitates towards the globe. 

From thefe firft attempts, I conceive my electrometer would be well adapted for mea- 
furing the abfolute capacity of Leyden jars, nnd alfo their capacity with regard to their 
fize, or to the quality of the glafs of which they are conftruOied ; for the latter, by its 
greater or lefs denfity, abforbs a greater or lefs quantity of fluid* 

Vol. v.— April 1801. ' F. Inquiries 
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VII. 

Ifiquiries relative to the Experiments of Clt. Prevofl^ of Geneva *, on the expanjive Force of 
QJoriferous EinanatlonSf and of Cit. Venturis of Modenaf, upon the Motion of Catnpbor 
upon Water. By Dr. J. Carbadori DEL Prato J. 

XxS I have been employed perhaps more than any other philofopherj in obferving the 
curious motiona of camphor, and all the other oleaginous fubftances, as well fluid as folid^ 
when caft on the furface of water, and as I flatter myfelf that I have given a true expla- 
nation $ of thefe phenomena, which had in vain been attempted.by Romieu, Volta, Brug- 
natelli, Lichtenberg, and other refpeAable phiiofophers, I was of opinion that it was 
proper for me to repeat the experiments of Prevoft and Venturi on this fubje£l. I have 
juft done this, and find that thofe of Prevoft do not poflefs that novelty which was at firft 
imagined ; but on the contrary, the whole, and particularly thofe of Venturis tend ftill 
farther to e(labli(h the truth of my explanation. 

I have proved II, that all the fixed and volatile oils, as well as the refins and concrete 
volatile oils, for inftance, camphor, move upon water in confequence of the attraftioa 
which every oil, whether volatile or fixed, has for the furface of the water, by which it is 
attraded, and compelled to extend itfelf till the refpe£live attraction of a determinate far- 
face is faturated ; and that there are oils, or oily fubftances, which have a greater attrac- 
tion than others for the furface of this liquid. This has been precifely confirmed by the 
new obfervations of Prevoft and Venturi. 

The fafts related by Cit. Prevoft are certainly true, as has been previoufly remarked by 
Cit. Brongniart, but the confequences which he conceived to refult from them are not 
equally accurate. 

It is true, as Prevoft has aflTerted, that if fragments of a concrete odoriferous fubftance» 
for inftance fmall pieces of camphor or particles imbued with an odoriferous liquor, be. 
placed upon a plate, or on a piece of wetted glafe, that is to fay covered with the flighteft 
film of water, the latter will be immediately feen to retreat from thofe parts where the 
fubftances have fallen or fettled, as if it were repelled by fome force proceeding from thofe 
bodies. 

But it is not true that the retreat of the water from the abovementioned fmall bodies is 
caufed by the atmofphete of odoriferous emanations^ which proceed from them with im- 
petuofiiy, and repel whatever they meet with : but the fa6^ isi as Venturi has akeady ob» 

• Annalcs dc Chimie, Vol. XXI. p. 254. 

t Ibid, Vol. XXI, p. 262. Sec alfo our Journal, Vol. T. p. 153/ and 205. 
t Tranflated from the Annales de Chimie XXXVII. 33. 
§ Ann. di Chimica e d'Hiftoria natur. di Brugnatelli, torn. ▼. 

I See my memoir on this fubjefb, in the Opufc. Scelti di Milano. Ann. di Ckinnc* St Gism. fifico- 
medico di Brugnatelli, and particularly Vol. XVI, of the laft mentioned work. 
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fenred, that the oil of camphor, as well as all the other oils, have a greater attraAion than 
vater for the furface of the plate. In fa£l, Venturi obferved, and the fame remark was 
afterwards made by myfelf, that the part of the plate whence the water has retreated when 
touched with a fmall piece of camphor, or any body dipped in volatile oil, remains var- 
ni(hed with a coat of very fubtile oil, which is perceptible by the eye * ; whence he rightly 
concluded, that the water retires to obey its affinity of aggregation, which becomes free 
from the attra£lion of the furface of the plate as foon as that furface is occupied by the oil f 
and this efied happens only becaufe this affinity of aggregation or cohefion has become 
greater than the attra£iion«of the water to the plate. This is fo true that the fame phe- 
nomenon always occurs, whatever oil be employed) whether volatile and odoriferous, or 
not, fuch as oil of olives or lintfeed. As foon as the wet plate- is touched with the finger 
(lightly dipped in one of thefe oils, the water retreats in a circle, as if it were touched 
with any odoriferous body. 

There is doubtlefs, as Cit. Venturi has obferved, a ftronger attraction between the oil 
and the furface of the plate, than between the latter and the water ; which is evidently 
proved by the obfervations : let a drop of olive, or any other fixed oil, be dropped on a 
fmall plate of porcelane, glafs, or any kind of glazed earth ; and afterwards pour fome 
drops of water from a certain height, which on uniting together quickly flow like a fmall 
torrent over the oil ; it will be feen, that notwithftanding the force with which this fmall 
torrent ftrikes the drop of oil, it is not capable of difplacing it and carrying it off, but 
pafl^ over while the oil adheres to the furface of the plate, like a vamifli, which the im- 
petuous and continued paflSige of the torrent cannot remove. It is well known that plates, 
or other culinary utenfils, cannot be cleaned by water when foiled by oil or fat, as it has 
not force enough to detach the oily particles from their furface, though it can produce this 
ttkdt with earth, and diflblve extradive fubftances. 

If a fmall piece of camphor be fixed upon a plate or other veflel, and as much water be 
added as will flightly cover the camphor, the water, as Prevoft has obferved, can never 
attain to a level above the camphor, but forms a fmall oavity or gulph, in the figure of an 
inverted cone, in vidiich the fummit of the piece of camphor is always perceptible ; this 
evidently proves, according to him, that there proceeds from the odoriferous body an 
elaftic fluid of fufficient force to repel the water that furrounds it, which according to 
the laws of hydroftatics, ought otherwife to come in conta£l with and cover the camphor. 

Cit. Venturi has likewife obferved this phenomenon ; but he conceives it to be the eflfefl 
of an oily fluid which proceeds from the camphor, and prevents the adhefion of the water 
with the piece of camphor, and With the columns of water that furround it. 

For my own part, after the moft accurate examination, I am of opinion, that the re* 
treat of the water is neither attributable to the emanation of an elaftic fluid, to an odorife- 
rous vapour, as Prevoft has fuppofed, nor to the obftacle that prevents the adhefion of 

• Loco citato, p. 207. ^ 
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water with the camphor, produced by a lubtile oil proceeding from the camphor itfelf ; but 
that It is owing merely to tlie cohefion between fat ot oily bodies and water. Oils poflefs 
much adheflon or attradion of furface * with water } but they have po coheGon or affinity 
of aggregation, nor of compoiltion with that liquid. The water which furrounds oily or 
fat bodies, fuch as a piece of camphor, having no degree of cohefion with that fubftance, 
appears to retreat from it ; that is> by abandoning itfelf intirely on its own force of aggre- 
gation* it is drawn off* on all fides, which caufes a vacuity round the camphor. If it were 
an elaftic odour, or an oily fluid proceeding from the camphor, which produces this pheno- 
menon, the fame effe£l would not take place in bodies which have no fmell. But the phe- 
nomenon is the fame, when inftead of camphor, fmall pieces of white wax or hardened 
fuet are employed, which are fubftances as every one knows, which have fcarcely any 
fmell, containing an oil which is not volatile, and requiring a confiderable degree of be;it 
to become fufcd. 

Hence it appeart, the experiments of Prevoft do not prove that odoriferous bodies are 
furronnded with an atmofphere poiTeffing a degree of elafticicy or power capable of impel'- 
ling' the water which furrounds them y and that it has been falfelj imagined that by this 
means the emanations from odoriferous bodies might be rendered perceptible. 

I did not obferve, what Prevoft (ays he remarked, that fragments of camphor about the 
fize of a pea, placed on a round piece of gold or filver foil floating upon water gave it 
motion. The camphor itfelf is not fufceptible of any fpontaneous motion, nor can it 
import it to light bodies whiph are on the water, unlefs it immediately touches that liquid* 
It is the fame with regard to the oils, whether volatile or fixed ; they cannot impart the 
leaft degree of motion to the lighteft body that floats upon water unlefs they touch it. I 
have made feveral trials, by putting drops of ethereal or volatile oils on fmall pieces of 
gold or filver leaf that floated upon water. The flighteft impreflion would have caufed 
them to move, yet I never obferved the leaft motion in any of them. Venturi alfo had 
the fame refult in an experiment with burning or heated camphor, placed on a piece of 
cork which floated upon water. When the camphor came in conta£l with the fluid, it 
imparted a rapid motion to its fupport, which, on the contrary, became motionlefs when 
the water was not touched by the camphor. Hence he concluded, that the motion in 
queftion does not depend on the projedion of volatile particles proceeding from the cam- 
phor, but that it is the water alone which excites it by its aftion. 

Prevoft and Venturi remark, that if the furface of the water be touched with oit of 
olives, or any other volatile oil or odoriferous fluid, when the camphor begins to move^ 
the motions immediately ceafe. This only tends to confirm the explanation I have given 
of the motion of the camphor and oleaginous bodies on the furface of water. The cam- 
phor derives its motion only from the expanfion of an oil, which is attrafted by the furface 

* See my explanation in Aim^ di Cbimt Italian!, torn. V. 
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of the water *• The reafon therefore why a drop of oil, whether fixed or Tolatilf) ftops 
the motion of the camphor, is, that thefe oils are more ftrongly attracted by the furface of 
the water, than by that of the camphor ; hence they adhere to that furface, and by co» 
▼ering it prevent the effe£l of its attra£lion for the oil of the camphor, and confequently 
prevent the expanfion of that fluid f . This property of preventing the motion of the 
camphor is not peculiar to the oils ; all the cereal and leguminous farinae, &c. the juices 
of the tithymalx» and other laAeous plants, which, as I have obferved in the memoir 
before-mentioned, have a great affinity for the furface of the water, are invefted with 
fimilar properties. 

Cit. Venturi has nearly difcbvered the real explanation of the phenomenon. Having 
obferved that a fmall quantity of oil flopped the motion of camphor in a bafon of water, 
he concluded that this oil, which extends over the water like an imperceptible film, is the 
caufe of the fufpenfion of motion in the camphor, be'caufe, by occupying the furface of the 
water, it prevents the camphor from expanding. Whence he fecms to be of opinion, 
that the motion of pieces of camphor upon water proceed from the expanfion of an oily 
fubftance from the camphor upon the water itfelf. This is the explanation which I have 
given of the above-mentioned, and other fimilar phenomena, in feveral memoirs publiflied 
previous to the year 1794* 

Cit. Venturi however, appears in fome degree to follow the opinion of Prevofl:, fincc 
he afierts that the volatility and odoriferous property of camphor are not qualities requiGte 
to produce the revolving motions which thi? fubftance exhibits when cut in fmall pieces 
and caft upon water ; but that its volatility is neverthelefs neceflary for the continuance^of 
fuch revolutions. 

The motions of camphor, as I have proved in the memoir fo often quoted, and which is 
inferted in the xxth vol. of the ^' OpufcuUs choijis de Milan^^ depend on two caufes, viz. 
the extenfioii of an oily fluid over the furface of the water, and on the rapid operation 
(evaporation) of this fluid itfelf. 

When camphor cut in fmall pieces is thrown on the furface of the water, the inftant 
they touch this fluid they begin to move in a circular direAion, and run with rapidity in 
difierent directions; but (hortly afterwards their motions decreafe, and the particles colleA 
in fmall heaps, which, though they have not an abfolute, have neverthelefs what may be 
called an inteftinal motion. All this takes place in confequence of the confumption of 
the particles of camphor which form the fmall heaps ; for according to the former remarks 
of Lichtenbergi as they neceflarily change their figure, they are compelled almoft every in- 
ftant,^ being fubje£l to follow the attrafUon of the mafs, which, varies the contafts ac- 
eording to their diverfity of figure. The water, by the attraftive power of its furface 
caufes theextenfion of the volatile oil of the camphor. This oil, by expofing a great fu« 

* Opufc. Scciti di Milano, torn. XX. 

t Vide my Memoir " Sulk" aitraxion di Jttpti^ii^ Journal des Phyf. ct Ann* di Chimic. Italiani, 
torn. 2CVII. 
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pjCrdcies to lihe alrj evaporates more fpeedily, and as its evaporation is in proportion to it« 
extent upon the water^ the reafon is evident why the camphor is fo fpeedily confumed, and- 
why by this rapid confumption the particles are induced co change their figure. 
^ It is true that the oil camphor, which is extended over the water, gradually evaporates 
oif-entirely volatilifcs. Of this I have been clearly convinced by the following experiment * 
after two pieces of camphor which had been in motion on the furface of water in a glafs 
were confumed) I expofed the glafs to the air, that the oily film of oil camphor which 
covered the furface might evaporate \ four hours afterwards I put in other pieceS) but did 
not obferve the accuftomed winding motions 5 I foon removed them, and at the expiratioa 
of four hours I again threw in frefh pieces ; and the motions took place as ufual* Hence 
it appearsi that after four hours the oil of the camphor had not totally evaporated, though 
in eight hours it had difappeared, and the water remained perfedly clear. 

Venturii howcveri was well acquainted with the attraftion that exifts between oil and 
the furface of water \ fince he obferves that a drop of oil, if it had no affinity with the 
furface of water, would remain upon it without extending ; it may therefore be faid, that 
an attraction exifts between the fubftance of oil and the furface of water. 

The experiments made by Venturi with fmall columns or (licks of camphor, plunged 
half their height perpendicularly in water, and cut horizontally at the level of that fluid, 
in the fpace of tweaty^four hours, only proves that the greateft folution of camphor is 
cfieQed ela£lly where it touches the furface of the water; and confequently they tend ta 
confirm my conclufion, that camphor contains an oil which expands over the furface of 
water in confequence of an attradion between it and this furface ; and that it is by fuch 
extenfion that it more fpeedily evaporates. There is not, as he imagined, a greater a€li* 
vitf exerted upon the camphor at the points where the air and water meet in contadl 
with this fubftance, but only where the camphor touches the furface of the water. Air 
only conduces to this influence upon the phenomena, in proportion as it favours the eva- 
poration of the oil of camphor which is extended over the furface of the water. I am 
well convinced that air here has no influence, and that the whole efle£l ought to be attri- 
buted to the union of the furface of the water. 

But it appears that Venturi has at length difcovered his error, fince he (ays, he obferved 
that the folution of camphor at the furface of water takes place the quicker the more that 
furface is extended. For in (mall vefTels the cuttiag of the columns is not fo quickly 
efief^d. 

Prevoft has alfo confirmed the attra&ion of the furface of water \ as he obferved that 
camphor when in a humid air, or fubmerfed in water, does not undergo fo much \oh or 
confumption, as it fuflFers when it immediately touches the water ; but he attributes this 
to the water, which favours the evolution of the odoriferous fluid. 

The rapid motion of odoriferous bodies upon water, and particularly that of camphor, 
is prevented after fome time, as Cit. Prevoft has obferved, in confequence of the attra^ion 
of the furface of the water for the oil which expands being dimini(hed : neverthelels, the. 
(mall pieces of camphor which coUeft on the water after their revolving motion has ceafed, 

always 
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always retain a flight degree of motion, by which they refemble groupes of capillary eels, 
that move fpontaneoufly, till they are entirely confumed by evaporation : this motion de- 
pends on the flow expanfion of the volatile oil of camphor which takes place at the furface of 
the water, in proportion as that which remains is evaporated, as we have already mentioned. 
At firft I entertained doubts whether the motions of the camphor upon water were fuf- 
pended by the expanCon of olive oil, or any other oleaginous fubftance, merely becaufe 
that of the camphor, being more denfe, did not poflefs the faculty of expanding as quick 
as the liquid oils. To elucidate this point, I made the following experiments : I melted a 
fmall quantity of camphor in a fpoon by the flame of a candle, and poured it upon hot 
water, on the furface of which a drop of olive had previoufly expanded : in its melted (late 
it was not at all capable of extending, and expelling the olive oil ; dill lefs of giving motion 
to farinaceous matter. I next threw fome pieces of the inflamed camphor on the furface 
of cold water ; and they moved extremely well. As I fuppofed that it was the heat of the 
inflammation, which by melting the oil of the camphor obliged it to continue to expand^ 
I poured on this water fome drops of olive oil ; the motion of the camphor then imme* 
diately ceafed, and did not recommence, though the fubllance continued to burn. Hence it 
mud with certainty be concluded, that the oil of camphor has lefs attra£\ion of furface for 
water than olive oil, or fcveral other oleaginous fubftances, fuch as the flour of wheat* 

Camphor, well heated, and fuming, as Venturi has obferved, being brought near very 
light bodies floating on the furface of water, fuch, for inftance, as pieces of gold or diver 
leaf, exerts upon them a repulfive force, exzCtlj the fame as when it is thrown upon cold 
water } and, according to him, this tffc(k is owing to the elaftic fluid, which ftrikes againfl: 
thofe bodies : this notion alfo occurred to Prevoft. For my own part, I think this cfkO: 
is produced only by an oil which expands upon the water : the oil of camphor, reduced ta 
vapour by heat, when it comes in conta£}: with water, expands on the furface, and thus 
imparts a motion to th^ bodies it meets with, and feems to repel them. In faA, if we at- 
tentively obfcrve the furface of the water around the floating body which is moved, it will 
be feen to be covered with a fmall very thin and whitifli film (of varnilh) which is, doubt- 
lefs, a proof that the oil of the camphor, when volatilifed, is extended over the water^ and 
by cooling depofits a fine incruftation. 

It is not, therefore, proved by any of thefe experiments that the atmofphere, which is 
formed by the odour of the bodies, poflefles, as Prevoft pretends, an expanfive power 
capable of being rendered perceptible. Thofe bodie? which are moft efFeftually odorant^ 
that is to fay, furrounded, like the others, by an atmofphere of odoriferous emanations, 
but which arc not mixed with a volatile oil, do not caufe any repulfion in bodies floating in 
water, however -near they may be brought to each other. 

And if the mere emanation and projeAion of an elaftic odoriferous fluid were the only 
caufes of the motions of camphor and other odoriferous bodies by water, thefe motions 
would take place on throwing in any one of fuch bodies ; but if, for example, even the 
fmalleft piece of camphor be dropped upon water with a confined liirface, the motions are 
not produced | it is therefore evident that they are caufed by the fuiface of the water alone. 
4 Account 
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Account of the original Invention bf the circular Inftrument for performing Calculations on the 
Principle of Gunter^s Rule made by Clairault le P^re, and communicated to the RoyaJ 
Academy if Sciences in the Tear 1727*. (W. N.) 
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N the firft volume of this Journal, page 372, I gave an account, with drawings, of a 
fpiral inftrument conHfting of a combination of the fe£lor and Gunter's rule, equivalent to 
an ordinary rule of forty feet in Ihngth, which had been conununicated by me to the 
Royal Society about thirteen years ago, as my own inventidn* In the paper here referred 
to, I did juftice to George Adams the father, who, as I afterwards difcovered, had con- 
.trived and made a very powerful inftrument of the fame kind in 1748, fince prefented to 
me by his fon. The fame principles of candour and juftice call upon me at prefent to 
afcribe the original thought, as well as the a£);ual mechanical conftru£iion, to the elder 
Clairault; of whofe engraving, publifhed twenty-one years before the date of Adams's 
manufcript, I have here given a copy. An abridged account of his paper will ihew that 
he was well aware of the properties and advantages of this apparatus. 

He begins by obferving that the beft expedients for the folution of righ^ lined triangles 
are reducible to linear conftru£tion, or logarithmic calculations; that the 6rft, by means 
of the feAor, requires much (kill, to produce a moderate degree of accuracy : while the 
latter demands a certain quantity of refearch and computation, which render it deCrable to 
fimplify the procefs. With this intention he propofed to unite thefe two excellent dif* 
coveries which he performed by placing all the logarithms diftin£lly on the furface of a 
circle of twenty-one inches in diameter, upon concentric circumferences ; marking not 
only the natural numbers as far as ten thoufand, but alfo the lines of the degrees and 
minutes. The figure in plate i reprefcnts a twelfth part of the circular inftrument, and 
the external fhaded branches denote the fedlor between which the intervals are meafured. 
In the year 17 16, the author executed his firft fyftem on a fquare of one foot, filled with 
parallel lines, conftituting altogether ^ rule of 1500 French feet : and it was not till the 
year 1720 that he thought of the fpiral form. But as this fet of lines, when numerous, 
prefented fome difficulties, principally, as I fuppofe, from the difficulty of marking and 
counting the intervals upon the blades of the fefior, he gave the preference to concentric 
circles. I need not enter into the minute particulars of the conftru£^ion, becaufe this has 
been already done in our Journal, and in the Philofophical Tranfaftions. He does not 
overlook the advantage (which alfo occurred to me) of this ftrufture that it affords by the 
enlargement of the external arcs, a remedy for the fmallnefs of the differences in certain 
parts of the logarithmic lines* 

The learned writer concludes his paper by giving fome numerical examples of its ufe 

and application. 

* Machiaci apprQvfes par TAcad. Roy« tome V, 
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ARTICLE I. 

Objirvatiani and. Exptritntnts on the Gahanie Power, By a Ctrtefpondent, 

To Mr. NICHOLSON. 



S I R, 



Edinburgh^ 



JL HE readinefs with which you admitted a former commanication of mine (notwith- 
Handing that its deficiencies muft have been apparent to your acutenefsi and that there are 
now federal parts of it which later experiments would induce me to corre£); or explain }, has 
encouraged me to lay before you fome phenomena that I have obferved.in the interefting 
fciehce of Galvanifm. 

I began my inquiries on that fubje^ almoft immediately after the firft publication of the 
account of Signor Volta's Pile in your Journal, in concert with a friend, who, to the ex- 
perience of years, added all the ardour of youth in the purfuit of fcience, but whofe life 
was (hortened by an unfortunate accident in a vigorous old age : I prdnife this account of 
my own experiments} by refcuing from oblivion the few obfervations that his time and 
health would allow him to make} and which will come with no.fmall intereft to the world, 
when it is known they were thofe of the intimate friend of a Franklin and of a Black. 

VoL-V.— May 1801. G His 
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His firft attempts led him to compare Galranifm with the old cle£lficity i aad h» w«8 
decidedly of opinion, that there was a fufficient di(lin£Hon betwixt them to entitle the 
former to the rank at leaft of a new fpecies ; this obfenration my own experience has every 
day confirmed, efpecially (ince I have been ^bie to give fo very conGderable a degree of 
ftrength to the pile as I have latterly done. 

He attempted to ufe refin as a lining for a white iron cafe to the pile, in which, after 
(landing for a (hort period, its power (lopped | and upon examining the pieces he foand 
the refin completely difToIved into a fubdance refembling turpentine, and forcibly drawn 
betwixt the filver and zinc ; this (hows a violence of a£lion which has never as yet been 
obferved in Galvanifm, and may ferve as a caution to others againft ufing re&nous fub- 
fiances with the pile, at the fame time that it opens a field of inquiry with regard to its 
effeQs on that matter. 

His next and mod important obfenration was made on a mod fingular phenomenon, 
which he perceived on the (idcs of the (ilver and zinc pieces which were in immediate 
contafl:, when ftrong padeboard, moidencd with a folution of common fait, was ufed for 
fetting up the pile : the pieces of pafteboard were of a polygonal form, and fmaller than 
the metallic pieces; their figure was exaflly damped in a black colour, not on the (ides of 
the pieces in contact with them, but on the dry metallic faces which were in conta£l with 
metal only ; this very lingular appearance, which I had frequent opportunities of examining, 
conveys an idea that fomething, circumfcribed in its zGtion by the figure of the moiftened 
difks, and capable of penetrating through the pores of the metals and of oxidating them> 
formed a condituent part of the Galvanic fluid. 

He alfo obferved, what might be readily expe£led, that people advanced in years felt 
the fmall (hocks of Galvanifm lefs readily than younger perfons ; but what was fingular^ 
they felt the drong (hocks more feverely ; this may throw fome light on the nervous fluids 
and the change that it undergoes by age. 

He found that when the experiment of decompofing water was made in an open glafs, 
that the water, although kept for a week after, unconnedied with the pile, and a fufficient 
quantity of fait had been added, to prevent all fymptoms of putrefadion, yet continued 
to emit a gas, and a mucous matter was precipitated from it, of a whitiflb colour ; this feems 
to have fome conne^iion with an extraordinary liquor, procured by the ingenious Dr. 
Moyfe, by evaporating the wadings of the pile ; but the account of which I by no means 
wi{h to anticipate, as it is to be hoped that the learned DoGtoT will favour the world with 
it himfelf. 

You will no doubt regret chat fo truly philofophic an obferver (hould be loft to 
mankind, and had you known the individual, you wouM have found that the powers of 
his mind could only have been equalled by the virtues of his heart. 

I now, with diffidence, fubjoin an account of my own experiments* 

Being acqu^nted by obfenration, and by the experience of others, with the Galtanu: 
powers of black lead» I attempted to form a range of plumbago crucibteS) itito a Galvanic 

apparatus^ 
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•pparSitCiSi which has the advantage of cheapnefs, and cbnGderable power, and would no 
doubt anfwer vttj well, if a way could be difcovered for preventing the moifture from pene- 
trating through the pots, though I have not been able to effect it by any mode of coating 
them : in cafe anybody (hould be inclined to try this method, I have annexed a drawing 
of the manner in which the pots are conne^^ed, at the fame time obferving that the zinc 
pieces ought to be foldered to the brafs wire. If ever Galvanifm can be applied to the 
arts, by procuring alkali in an economical procefs, the above bids fairer to attain, that end 
than any thing I have yet met with, as the pots are in a fliort time covered with an effloref* 
cence of foda when common fait is ufed, which might be colle^ed tolerably {>ure from 
their outfides. 

In this range the zinc became the gafeous, and the plumbago the oxidating fide, which 
(hows that it is as far beyond zinc, as zinc is beyond (ilver, in the arrangement of Galvanic 
oxidating power, though there is no reafon to believe that the plumbago undergoes any 
change itfelf. When connefled with a bent fyphon, filled with diftiUed water, by either 
filver, brafs, or iron wires (even though the bend was filled with quickfilver}, both fides 
foon changed the reddened litmus paper to the purple, though the plumbago fide reftored 
it to be a perfefl: blue } (howing that a much greater quantity of alkali was formed on that 
fide than on the other. 

The only apparently ele£lric phenomenon, independent of the (hock, that I could obferve 
by this range, was that the powder of the plumbago aflumed the form of little (tars on the 
furface of the water, which fome people might be inclined to think proceeded from a (tate 
of pofitive elefiricity^ 

Having lately difcovered a mode of encreafing prodigioufly the powers of the pile, I have 
laid afide the cumberfome and bulky apparakvs of the range, and cannot recommend it for 
aiiy thing but its cheapnefS) and the pofiibility of being fatisfied at a moderate expence, by 
ipeans of the larger fized crucibles, of the proportion that bulk or furface bear to alternated 
numbers in Galvanic power. 

I alfo annex a drawing of the box, in which I enclofe my pile, and which I can recom- 
mend for convenience and portability ; the improvement that I have made in the pile is on 
the matter by which the pieces are put together, to which I was led by theory. 

I took a pound of pipe clay, an ounce of plumbago powder, an ounce of black oxide of 
manganefe, and two ounces of common fait, and made them into a pafte with water ; in the 
ufe of clay I took advantage of the ohfervations of Dr. Moyfe. 

This mixture gave 126 pairs of filver and zinc of the half«crown fize, a power beyond 
any thing I have yet heard defcribed, and gave the fpark moft vividly, in a room where the 
fun was (hining, either from a bit of common coak, or the point of a needle ; but even 
when two pieces of metal were held in the hand) though perfedly dry, and the wires 
touched by them, a (hock was felt much greater than that procured from a very confiderable 
number of pieces with the a(fiftance of moifture, fet up in the common way. When the 
pile begins to weaken a littlci if one of the wires is allowed to vibrate on the piece of meta! 

G a in 
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m one band, and the other wire held by the other, the fenlation of this dry fliock brinp.t 
complete recolleftion of what is commonly called the fleeping of a limb^ ?iz* that prickUog 
that is felt after the limb has been long in a conftrained polition» and when, I bf UcYe, 
medical people fuppofe there has been a preffiire on a nerve. 

I am almoft inclined to believe, that the natural fenfation proceeds from the Galvanic 
fluid in the human fyftem at^mpting to reftore its equilibrium by repeated fiiocks^ A pile 
in this very ftrong ftate gives no figns of electricity by a very delicate ele&rometer (which 
I ufed to the exclufion of the modes of accumulating elediricity, on which I think lictle de- 
pendence can be placed^, and no efie£); could be excited, even though the pile was infulated^ 
and the (hock taken through the metallic arm that fupported the electrometer, by a perfon 
on an infuiatipg ftooL 

I alfp attempted to charge a Leyden vial in the way * mentioned by you, as ufed fuc* 
cefsfuUy by Mr. Cruickihanks, viz.' connecting one end of the pile vnth the outfide, and 
the other with the infide of the jar. It ftrikes me that it is impofiible a jar would be 
charged in that manner, as the two fides, in that cafe, are connected by conducing ftib* 
ftances^ the very mode ufed Cor difcbarging a jar ; if I have miftaken ypur meaning, or that 
6{ Mr. Cruickihanks, I beg you will conreCt me. I alfo connected both wires with the 
outfide, and both with the infide, and even the filver wire of one pile, and the zinc 
wire of another, alternately with the internal and external fides, without producing any 

• I then attempted to charge the vial through the infnlated pile, connecting the wires by 
turns with the conductor of an eled^rical machine and the infide of the jar. By com<* 
paring the change produced by a definite number of the revolutions of the machine, when 
attached and unattached to the pile, and wh^n the filver and zinc wire were alternated, in the 
manner above defcribed, no difference could be perceived either in the (hock or fize 
and length of the fpark : alfo when the jar was placed between the conductor, and the in« 
fulated pile, no difierence could be perceived by taking the (hock or the fpark through 
the pile. 

Thefe experiments were often repeated with the fame refults ; and I think they (how 
clearly that the charge is neither accelerated nor retarded by the pretended plus and minus 
of the pile. 

I have feveral times obferved, and wi(h it may be attended to by others, that when 

women and men form a part of the Galvanic circuit, that the women feel almoft the whole 

« 

* Your words are— «'< That Mr. Cruickihanks, of Woolwich, has charged a large jar i^ as to give a 
" (hock merely by placing the pile between its coatings.^' This I fuppofe was a private communication, 
as I have in vain looked over Mr. C.'s own papers for the ^a6l.-— C. 

The communication was made in converfation. I think the arguments and induflions at p. 243— 245 
of our IVth volume remove many of the difficulties of theory, trifmg from the low intenfity of the power i 
but not this of the ad^ual iliock. I have charged talc as well as thin filk unequivocally j but exped foon ta 
cepeat the experiments with a higher pQwer.»«*N*. 

4 ihock. 
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Ihock, when the men feel little or nothing ; this even happens when onl7 two perfons are 
in that fituation, and with whatever fide of die pile they may be connedled, and when one 
woman ftood between two men. 

IJbelieve we owe to the learned profeflbr of botany, in this univerfity, the obfervation, 
that plants are not conduftors of the Galvanic influence; a moft ftriking diftinflion be- 
twixt it and the el^£^ric fluid : I connected the pile, in its ftrbngeft (late, with the (talk of 
a live and herbaceous plant, the ftem of which was even moiftened with fait wa'tet. The 
(hock could not be procured from any part of the plant, however near to* the wire, add one 
of its leaves applied to the wire, fnflliciently interrupted the Galvanic power • 

The Galvanic fpark procured from charcoal, has a very different appearance from the 
ele£iric received in the fame way ; the former being of a red colour, and re(ting upon the 
eye, whiift the latter, notwithftanding its fuperior velocity, can be diftinftly perceived, to 
have the bluei(h caft of burning fulphur. 

The intention of this communication will be fuUy anfwered, next to prefeiving a memorjal 
of a perfon defervedly dear to all his friends : if I (hall be found to have added a drop to 
the ocean of fcience, or to have facilitated in the fmalleft degree, the purfuits of others on 
the fame fubje£t, 

I am, SIR, 

with great refpcft, 

A FRIEND TO THE EXPERIMENTAL RESEARCH OF TRUTH. 

Figure ift. A A reprefents the black lead crucibles, and as a range for Galvanic expe- 
riments. BB the connedting wires, to which pieces of zinc, as C, are attached by 
folder. 

Figure 2d. is the pile box« of which D D D D D are the fpaces, in which the piles ({and. 
The (helf E E E, moveable eafily for two thirds of the height of thc^ box, by means of the 
rod F F, which pafles through the top of the box, and may be faftened by the flat wedge 
G i the rod is preferable to a fcrew, being Icfs hurt by moifture. 

Figure 3 is the (helf E, taken out to (hew the manner in which it is formed. 

Fig. 4, is one of the divifions of the box which are exprefled by H H, in Fig. 2, I being 
cut out for the (helf to run in. 

N. B. A front piece (huts the box, by Aiding in a groove, on each fide from the top 
downwards, which is (loped away at the edgeSf and can be thruft under the bafe of the 
box ; which gives it an inclination backwardsy that facilitates the building of the pile to 
any height. I have lately much improved the box, by lining-it with oiled filk, with a view 
to prevent the wood from abforbing moifture. 

« I have undoubted information that a portion of the aloe-plant, which was placed for a night in the- 
donnefting line of a pile cf 3)5 half crowns and zincs'was killed by its a6Hon, the' other parts rcntstinmg 
unhurt.— N. 
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Third Ctmmmunleatun en tit Trains tf Watches. Bj the Rev. W. PsAtSOtr, 



To Mr. NICHOLSON^ 



S I R, 



W, 



HEN I tranfmitted to you the two papers, contained in the third Volume of your 
Joumaly refpeding the philofophical ufes and trains of watches, I had not an opportunity 
of fatisfying myfelf with regard to one material conGderation in the con(tru£lionr of thofe 
delicate machines i namely, whether or not the diameters of the wheels ought to be fuc* 
cefldvely diminiflied from the center vfrheel to the end of the train, in proportion as the 
maintaining power becomes exhaufted j four beats in the fecond were then fixed upon, for 
the new trains recommcndedy for no other reafon but becaufe this (eemed a convenient 
number to be divided and fubdivided without a remainder, and was alfo very nearly equal 
to what one of the watches, under examination at that time, was governed by : fince» 
however, I came to refide near London, I have inquired of fome eminent watchmakers 
what number of beats in a fecond, is deemed in praQice mod defirable for preferviog a 
fteady equable motion in the going of a watch, and the information I have received, par- 
ticularly from Mr. lies, of St. Martin's Court, is, that about Jive is found to be the 
beft number of any : now as the number of beats of a watch in a fecond has been fliown to 
depend upon what may be called the third, or laft portion of a train, (in a watch which 
fliews feconds) with the contrate wheel, its pinion, and the balance wheel; and as five 
heats in a fecond require higher numbers, in either one or both of thefe wheels, than four 
do, the inference is, that, allowing 15 to be the beft praQical number for a balance 
wheel, the cor;.ate wheel muft neceflarily be larger than I have before given it, in order 
to produce the defired efkfk of five beats in each fecond. 

Hence arifes the neceffity of my troubling you with a third communication on this fub- 
jed, which, I am perfuaded, you will readily lay before the public, not only becaufe 
watches are in the hands of every reader, but alfo becaufe you are aware, that they can 
be made to meafure fraAional parts of a fecond for as little expence, as they are gene- 
rally conftrufted now that no attention is paid to the exaA meafure of a beat. 

In order to make a watch beat exa£My five times in each fecond, whilft 15 is the num- 
ber of the balance wheel, the contrate wheel and its pinion muft be to each other in the 
ratio of * 10 to 1 1 fo that if 6 be the pinion, 60 will be the wheel ; if 7 then 70 j if 8^ 
4o, &c. and as experience fcems to point out the expediency of retaining 15 as the moft 

t WIkb the beats of a watdi are four per iecoad, the nlio between the contrate wheel foid itt pinion is 

3 eligible 
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the workmen i poxtly, I f uppoi!f> ,beaaure the pivou are afterwards more ezpeditloufly 
fiD^h.ed» jAxii pactly becaufe a watch is thereby liable to be the {ooner unferviceable. 

iThere is> however^ one recommendation more of a large cpntrate wheel, which I (hall 
juft mention before I conclude the fubje£l: as the arbors of the contrate and balance wheels 
of.wMches of a common cooftruAion, placed one horizontally! and the othe( perpendicu- 
larly, they are neceflarily laid at one fide of each other, fo as juft to efcape touching a* 
they crofs, by reafon of which pofition an obliquity is occafioned in the dire£lion of their 
a£):ion| which is the greater the fmaller the contrate wheel is, and vice verfA \ and which 
frequently occafions the ftopping of the watch : an enlarged contrate wheel will confe* 
quently greatly diminifb this caufe of imperfedion^ and will therefore confticute an addi- 
tional improvenient. 

I am, SIR, 

Tour's refpeftfully, 

W, PEARSON. 

Parfin^sGreen^ April i^^ i8oi. 
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A Method ofmeafuring a Ship^s Way at Sea, with Ob/ervatiom on other Branches of the Art of 
Navigation^ By Jfouif CoOKE^ Efq. M. R. L A. Communicated by the Author. 
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fET a tuBe with a few inches of one end bended to a right angle, be affixed to a (hip, in 
fuch a manner that the longer part may enter through the (hip's bottom below the water 
line, and be faftened in a pofition parallel to the maft, and fo that the recurved end (hall be 
immerfcd in the water in a pofition parallel to the keel, with its orifice pointed towards the 
fliip's head. Let the upright part of this tube be furni(hed with a fmall fpouting aperture 
within the (hip, at the level of the external water ; then fuppofe it to move (leadily through 
(hiooth water in the direction of its length, the impulfe of the ftream on this orifice will 
be as the fqaare of the (hip's velocity (fee note A). And fince the column of water thrown 
up in the ere£t tube by this force muft be in equilibrio with it, the perpendicular height of 
this column of water will be as the fquare of the (hip*s velocity alfo ; in which cafe the 
water will flow from the aperture into the (hip, while the veflel moves forward, and the 
quantity difcharged will be in a fubduplicate ratio of the perpendicular altitude of the 
column in theereft tube; that is in the fimple ratio of the (hip's velocity. If therefore 
the quantity difcharged through this aperture in paflingover a mile be obferved, the aflual 
diftance run at any time maybe found, if the water eje£ted be preferved and meafured (fee 
note B). 

But t||f pItcMng of a veflel it feia, and the motion of lee way, would cairie the ftream 
ro fall obliquely on the orifice, and confequently affed the prefiTure and alter the ratio 

I which 
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ivfiidi ettfts between it atid die (hip's motion in dlred progitrt. To ty fer eitt thii, ar (korc 
tube 19 to be fitted to the extnfmity of the immeried tnKr, in fuch ac mainner at (tr be G9pa6«. 
bier (rf moting' freefy in a vertical, in an horizontal, ot in any intermediate arch (which 
may be efFe£ted by a joint confifting of a portion of a fpherical fliell containing a' fimilar 
Ihell) to be fumifhed with ranes extending behind the joint, which are to be placed in 
fueh a manner, that the ftrearm ading on them may point the orifice fo as to* meet it per* 
pendicolarly ; but a (hip at Tea is ofteii defiefted from her path into a cmrtilinear track hf 
the figure of the waves ; and fince the ftream is caufed by the refative motion of (hi^ 
tifittt to the (hip's motion, which may always be confldered as in the dirediion of th«f 
keel, it mufl: meet the ori6ce of the inftrument in the direftion of the keel, (fee note H J 
that is perpendicularly, and therefore the water delivered through the fpoitting aperture 
muft reprefent the undulating curve through which the (hip moves, inftead of its abfcifs, 
or true diftance, (fee note C) which might fometimes differ confiderably frbmit; for 
which reafon the following method of correding it becomes necefTary: Let a barometer 
made narrow in the middle to check the fudden motions of the mercury, be placed againft 
a bulk-head, or tranfverfe partition of the (hip, and fo loaded and hung that when the (hip 
heels it may fwing in an arch defcribed on the futface of this partition, fo as not to partake 
of this lateral inclination (which is not difficult to accompli(h, the motibn of heeling being 
neither very fudden nor fluftuating) but in fuch a manner as to receive the intire ttkdi of 
the pitching motion which it is intended to reprefent ; then* if the curve which the (hip 
defcribes be fuppofed to be divided into indefinitely fmall equal right lines, any one of 
them will be to the portion of horizontal diftance which it overhangs, as radius to the co- 
fine of the angle which it forms with the horizon ; but the length of the column of mer- 
cury in the inclined pofition of the barometer, is to itr length in an ere£t pofition as radius 
to the cdfine of the fame angle ; therefore the length of the column of mercury at any time 
will be to its perpendicular height, as the re£tilinear portion of the path which the (hip 
fiiall be then defcribing to true diftance ; and Gnce thefe redlilinear portions are equal, and 
pafled thrbugh'in equal times, the mean of them obtained by the narrowed tube will repre^ 
fent them all| therefore the length of the column of mercury marked on the fcale of the 
bammeter will always be to its perpendicular height as the fum of thefe reAilmear fpaces \ 
that is, as the curved path of the (hip reprefented by die water difcharged by the inArument', 
is to the fum of the horizontal fpaces overhung by them \ that is the true horizontal'dKtancey 
lirom which data the inftrumental diftance may be eafily c6rreQed at any time. But it b to 
be obfetved, that the height of the mercury in a perpendicular pofition is variable, on ac- 
count of the difference in the v^eigbt df the atmofphere al different titnes \ therefore when[ 
it is ftquired, the barometer muft be taken fVom Its pbee, and hddf carefully by the handf 
for a few; minutes in an upright poGtion, until the mercui^y ceafe^ (0 deicend, when it will 
Ibie^ die tme perpehdIeuKtt height necefllkTy to th!s experiment, and at the fame time the 
tjanometrictf ftate of thtf atmof^hete (fo uiSsful stt tei) tutu MS^mi^ ihan any Utuff^Sk^ 

Mtometer* 
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The agitations of the fea affe^ alfo that part of the inftroment which lies within tlie 
(hip, and it remains to be confidered what confequences arife therefrom. Heelingy or an 
inclination of the TelTel to one fi'de, and pitching, or the librations of it fore and aft recline 
the upright tube, and thereby lengthen the cojumn of water contained i hint fince die dis- 
charge of watet is afieded by perpendicular height only, this 'is but an apparent caufis dF 
error ; the fame preflure at the immerfed orifice mil eterate the water to the falne perpm^ 
dicular height whatever the length of the column may be, and therefore the velocity of die 
effluent water will be the fame with the fame degree of preffure whether die tube be txtOc 
or inclined ; plunging, or the afcending and defcending motion, occafioned by the waives 
which alternately elevate and deprefs a veflel in the fea, by altering the weight on the ori- 
fice increafe or diminifh the efflux of water from the tube, to remedy which a part of the 
upright tube below the water line is made narrow, in the manner hereinafter defcribed, 
whereby the afcentand defcent of the contained water will be rendered gradual, fo that its 
altitude may become the mean of feveral alternations of preflure ; and fince the waves fucr 
ceed each other at equal intervals, and of equal dimenfions for a confiderable time togetheff 
this niean height will be fufficiently fteady and cxzQ. ; (fee note D) «nd though this motion 
and pitching may feem to difturb the operation of the fpouting aperture, by raiCng and 
finking it above or below the plane of the water line, it occafions equal and oppofite errors 
thereby, which remedy each other, and narrowing the tube is really ufeful only to procure 
a more equable flow from the aperture ; but heeling, which is a more durable pofition, 
has a tendency to raife the fpouting orifice above the plane of floatation \ however, this ele« 
vadod is fo fmall, that the error arifing from it is infenfiUe. • 

Some mechanical difficulties prqfent themfelves in appl^FJog this inftrument to a (hipaand 
in adapting it to the purpofes of navigation \ firft it mav be thought unfafe to make a hole 
in the (hip's bottom to receive the tube, but the experiment has been tried to fupply fire 
engines witli water on fliip-board, and no inconvenience arufe from the pra£^ice when the 
Kceiving pipe was dofely fitted to the perforation^ It might alfo be pafled, if thou|^t 
preferable, through a hole above the water lincj^ and the neceflEiry curvature givoi without 
the (hip, 

Secondly, it appears from calculadouj, that the watet in the ere^tube would (pm^tnes* 
afcend fo high, as to requixe a tube incoovenieutly loqg to contain it ; but if it be cut oC 
any where above the fpouting aperture and if the upper orifice be clofely. (topped,, it wUl 
Mfwcr the purpofe as well as before, beeaufe tbe preflTure which die ftopper recpives* i% 
that which would fuppoit die column dF water cvi. oS^ , and therefore th$ prefliire. which thi% 
ftopper gives, is. that which would arife fipo). the weight of the. column cut ofl^ Qepce 
die preflure of tbe water widun th? tnbf eopdnuyig thefi)«|te,^th«ra|e oi.diic^ar^.wUL 
remain unaltered by. (hortening itu 
Thirdly,, it is diffic^lt tQ afcertaia ,the tr^/e mean ^level of ^the fe», when^ tlye . (hip is ii% 

•QiJAm which nuix^'^^'^^^^^'i^^^^ fixed on diei 
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top of a pole, and heM out of die ftip fo at to defend the extenud orifice from Ae percuflSon 
of the-water, the contained water will fink to the true mean levdt and the pofition of the 
fpoutkig apertttfe, if fixed in a Aiding phte, ma j be adjufted thereby * 

Foorthlff if dirt or weedi get into the inftroment^ it may be cleared by forcing oat the 
contained water by meana of the plunger liereafter de(cr%ed; or if this plunger and the 
ftbpper be drawn out, the water will fyom vp forcibly in Cutbg at t moderate rafeCr ^^ 
thos remoYt the obftraQion. 

Hie advantsq;eft expeded from this inftnunent are» that it propofet a perpehtal meafoftt 
whidi adapts itfelf to e?ery aheratioo of die (hip^s motion, and therefore correAs that error 
arifing fmm the log, the nfe of which foppofcs the fliip's motion to be uniform during the 
inrervsdt of experimenty which is highly improbable* 

And fecondly, that the inftrnment bebg funk to a confidcrabte depths will not be af- 
feded by foperfidal currents occafioned by wind^ to which the log is expofedr 

The canfes of error^ which iSkSt this ioftromenty are the fame which attend the methods 
of navigation in general ufe. 

The error of yawing is that which arilcs from unftead j fteeringi and wiH defleA the 
orifice from the true pofition. 

If it be admitted, that the generality of fcamen fteer fo as to confine the yaws within 
certain limits, the true line of motion may be confidered as a ferpentine line, which has a 
fixed ratio»Co the right line which joins its extremities in all cafes ; but if the quantity of 
difcfaatged water which reprefeots a mile, be found from a mean of feveral experimeoto 
made at fea (which experiments are of courle zStCtcA by yawing) it follows that the ftand* 
ard meafure thus eftabliihed needs no corre&iont the effe£t of yawing being proportionate^ 
and being allowed for in afcertaining the ftandard quantity. 

The error of Ue-way may be correded, if a metal rod be extended along the axis of the 
upiil^t tube, and paffing through its bottom mto the water below it, it (hould be capable 
of being turned round in any diredion by the ftream afling on a rane like that of a wea- 
dieroodt, which is to be annexed to it below the tube ; on the top of the tube is to be 
placed a circular plate engraved with the points of the compaf8« through the center of 
wittch this rod is to pafs, and to bear, an index round it, which will point out the angle of 
lee way on the compafii plate. Since the ftream below wiU keep the vane, in the(hip*» 
true line of motioni if this rod be furnUhed with a circular protuberance, nearly filling the 
tube below the fpouting aperture, the fudden current of the water within it witl be thereby 
dieded and rendered gradual, as was propofed before ; and if this rod be divided into two 
parts juft below the protuberance^ and if the termination of the lower part be fquare, and 
if die bottom of the protuberance contain a (quare (bdcet, thefe parts may be occafionally 

* Or otherwirc^ if the external aperture of the tube itlelf, or of soy other tube, could be placed at right 
angksto the ftip*s motioD, the water would during that time ftand at and ibew the external level. — N. 

ftaf ' feparatcd 
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fj^parated to plunge aiid clear tbe tube when iiece^utjr V^ ooCe 0)> The variation of the 
needle from a polar dirc£Uon is another courie ^ eraor in navigation, bur tbe correAion fa^ 
azimuths and amplitudes afiSurdf a pcrCed remedy for iib and whe9 tbe quantitjr of nidation 
i&.dif<^vered9 tbe dead rtckoaing nuy be corseAed thereby hj weU boo«m meant ; alfo 
the variation may be found in a more fimple manner at all times of the day, by ann^RUpg 
siny of the 4mivcr(al ii^nrdiala to 4ie eompais box, in fuch a maooer that tbe meridian of 
the dial may be parallel to iu fide, and by adjufting it to the latitude of the place ; for if 
fueh a dial' be turned until the (hadow points to the hour found by a lately corrcdbd wzttlh 
its meridian, and the fide of the box to wbidi it is attached, muft be in a true north and 
iiOuth dite£Uon, and the deviation of the north jpoiot of .the card from this meridian will 
be the angle of variation. (See note £} 

Ctttrents are the fources of thegreateft errors to which navigation is liable ; the method 
of finding their fet and drift by tbe courfe and rate at which a funken body feparates^from 
^a drifting boa^^is erroneous, bdng grounded on a fuppoGtion, that this body meets wich 
ftill water, whereas it is believed, that fuch a mafs of water moves in a current together, 
titiLt Cvtf experiments only penetrate its furfaee ; however, this m^hod feems to be fufficient 
to determine the exiftence of a current, and the rhumb on which it flows, becaufe every 
ftratum of moving water runs with a difierent degree of velocity, and this will be the cafe 
even if the funken body fliould defcend into ftill water, or into a contrary current (and 
fince interfering currents have never been obferved, we may conclude, that this experi* 
ment wiH, in all cafes, prove the exiftence of a current, and fliew the line of its motiop^ 
though it remain 'Uncertaio to which extremity of that.line it. may flow. 

If the preceding methods of determining courfe and diftance can be relied on, the error 
arifing from a current which does not flow in a parallel of latitude may be afcertained by 
attributing the error of dead reckoning to the line x>{ the ^currents n^otion, and then by 
adding or fubtrafkiog, as the eaie may be, fuch a fupplementary diftance in the diroAioa 
of that line, as will make tbe dead reckoning correfpond with the latitude by obfervatioii[s 
which will give the true place of the ihip i and if the currents be regular and periodical, as 
is fuppofed, numerous experiments made in this way at various times, and jpla^esj might 
afford tnaterials for the conftru£lion of tables, or hydrc^raphic charts, pointing out thp 
drift fet and periods of thefe currents, which would enable the navigator to make the txe-* 
eeflfary allowance for their eScQ, in all cafes. 

AMo if the true dircAion of tbe wind .can be afcertained in a current, the lines i^ 
its motion being known, the fet and drift may alfo be known, becaufe if the fhiplie JUu 
the apparent wind will be a compofition of the true wind, and of the wind arifing ^pm the 
fldative motion of the air produced by the rubning water (fee note F), which, in moft cafes^ 
bears a very fenfible proportion to the true wind (fee Encyclopedia Britt. VoL XVII. 
p. 204) I therefore if the v^lfail along tfie eunent Une, raryinjg the rate of her motbn 
until the wind vane lie exadly in the (SreQion of tbe true wmd^ there wil| be no cunrnt 

3 windi 
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wia49 tody ^pQ&qaenjtly, no. current^ wd th(e veflel beiog dieo ftatio4ar7%wlitb WffA to 
the earth, the rate and dirtdion to the ftream will be the fet amd^nft of Jthe icnrrait» 
However, fince lU) adequate method is koown to detenmiie the true .4s|reQaoa of the wind 
IP 9 current in all cales, this phfenration would be ufelefr; btit that thic^ avoe ^QOie gP^owids 
to fufpe£l that within the tropics the apparent deriatimis frojii jthe tr^ ^jwdi 9^fe fro^ 
the deile£klQg force of current winds. If this be (oj and if t}^ |;ef||er4 ^iqidoQ of |he 
trade wind be afluoied as the true dirc£^ioa of the wind^ this rule will (hew the ffi]t aQ4 
drift .of the currents in a great part of the ocenQ. 
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NOTES. 

A. This law has been denied in c^ifes w^ere a diminution of preflTure op the back p^irt o!f 
the moving body arifes from its motioni but the altitude of the water in this tiube is afie£^ 
t>n)y by the ahfoluu^ and not the relative) impulfe of the impinging current (which is ap^ 
parent from the form of it), aqd Mr. Vince's late ezperioients tend to prove the truth of 
the theory in fuch cafes. 

B. If the fpouting aperture .be very fmall, the theory is true, but when the aperture is 
large, it is not fo certain for. this reafon ; and alfo becaufe it will be more convenient to x^-* 
ceive a fmall than a large quantity of water into the ihip, the hole through wJiich the water 
iflues (hould be very fmall, with even thin edges. See Vince's Hydroft. p. 54. 

C. It may not be ufelefs to obferve, that if the fpace reprefented by the inftrument in 
paflitig over ^ny certain number pf fuch waves be obferved and divided bv the number 
of thefe waves, it will give what is called the breadth of the wave; and fince the celerity of 
a wave is demonftrated to be as the fquare root of its breadth, the rate at wluch the wafb 
moves may be found by a table at any time by the help of this infl;rument^ 

D. Nairne's marine barometer is formed on .this plan, and alib the .tide ^age. 

£• It may be curious^ if not uCeful, to obferve^ that it is poffible to fteer by the fun 
alone without the aid of magnetifm^ 

If there be a kucge watch, whofe hand performs one revolution in twenty^four hgursy 
with fuitable graduation on the dial plate ; this dial plate, with a perpendicular ftyle in the 
centre, when reclined according to the latitude, becomes a fun dial ; and when the ihadow 
of the ftyle coincides with the hand of the watch, the ftyle muft hang over the true meridian : 
therefore if this meridian be fet to the (hip's courfe by a motionlefs compafs card, and if the 
helm be fo managed as to keep its (hadow conftandy on the hand of the watch, the true 
pofition of the mip will be preferved until the time of the watch or the elevation of the ftyle 
require corredion. It is poflible to efie^ the fiune thing by a ftar^ by. having a dial plate: 
formed of fome lefle&ing fubftance. 

In 
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In cllmattes where die fkj is feldom ob(cared» fuch an inftrument would afford a fteadf 
guide to the inariner, not being liable to the errors of yariation» aurora borealisy or to the 
defle£Uons of libradon, which diftuib the fufpended card Tery confiderablf. 

F. It is a fal&t well known at fea, that the apparent wind is compofed of the true wind, 
and of the win3 oeciGoned4>y the {hip's motion $ therefore it is that a (hip faiGog on dif- 
fetent tacks» or with a different degree of relocity in the fame line, will have the wind in » 
'different point, becaufe one of the component forces is altered in poGtion in the former, 
and in intenfity in the latter cali;. What we experience in riding through a (hower of lain 
is a familiar example of tins fad ; while the horfe*s motion is uniform, the direction of the 
drops ^ypears to be oonftant, but if it be encreafed, the dirediion of the drops will be more 
in the rider's face ; if it be dimimflied, it will be more behind him i and if his road be 
changed to the right or left, the (hower will apparently alter to a point more oppofile to his 
.motion than the point it feemed to be in before. 

G. Should it be confidered adrifeable to difencumber this inftrument by fcparatii^ the 
lee-way madunery from it, it may be annexed to die compafs box in the following 
.manner : 

A metal rod is to be extended down the ftern poft, and fo hung as to be turned eafily on 
its axis by a vane at the bottom, which is to be zfkcd on by the ftream. To the upper part 
of this rod, juft below the lerel of the deck, a crofs bar of a few inches long b to be annexed. 
The compafii box muft reft on an upright foot, extending a little below the deck, and fup- 
ported by a focket, in which it is to turn freely. Juft below the deck a crofs bar is to 
be annexed to this foot equal to that on the ftern poft rod, and the extremities of the two 
crofs bars are to be conne&ed by two flender equal bars moTcable on pitots, fo that the 
four bars may form rfaomboides, in confequence of which the oppofite fides muft be always 
parallel, and die motion of the foot will be the fame as that of the ftern poft rod i therefore 
die rertical fe£tion of the compafs box, which pafles through the centre and fteering mark 
cif die box, mil be parallel to the rane ; and fince the ftream will point the rane exa&ly to 
the ihip*s true line of motion, it follows, that the fteering niark on the compafs box will 
be pointed to the true line of motion alfo, and the angle contained between this mark and 
the north pcnnt of the card will confequendy be the true magnetic courfe clear of the esror 
of lee-way. 
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IV. 

Om the Efcapemtntt of Tim* Pieces. B) Mr. TaoMAS RltD.' 

To Mr. NICHOLSON. 
S I &f 

Edmburgfif J^6^ x8oi; 



^EING lately favoored (by a friend, and one of the moft emiaent philofopheraof this • 
^ace) with a reading of your ufeful Jouraalt chiefly with a view that I might fee the ac* - 
coant given of Mr. Prior's efcapement, in which I was fomewbat interefted, having made * 
one of the fame l^ind in the year 17939 and which watcli is at prefent in the hands. of Mr. . 
Ho wells, No. 15, White Hart Row, Exnnington Lane, Surry. . 

Xbc^ngMi^lity of invention that feems to attach to Mr. Prior, I lay no claim to ; as by - 
anote it appears, that he had not ieen the efcapement of Mr. Mudge, and I may add, nor 
perhaps that of Lepaute*s. Although I had. not feen Mr. Mudge's efcapement, fome 
bints refpe^ling it were given me in an obfcure manner, but yet fo as by them I could com«- 
Hrehend it. The efcapement of Lepaute's I was perfedlly acquainted with \ and it was ia * 
attempting to combine his with Mudge's that led me to make the one now in queftion. 

In mine, the time of reft of the teeth, and the flanch for the.impulfe, is on the infide of 
Alt pallets \ and in that of Mr. Prior^s they are on the outfide. . 

There is a. very nucerial circumftance which. Mn Prior has not perceived. HTs pins are 
arranged in the. fame line.of^ circle on both fides of the wheel. . This will make a confider-% 
able difierence, efpecially if the pinafliould be left pretty thick, which will be the Cune as* 
if the pallets were impelled by wheels o£ unequal diameters^ and they will confeqii^ently 
i^ceive unequal impulfes*. 

That pallet which moves inwards, receives.its impulfe from the outward part of the pins. 
The pin^. ought to be fo difpofed as to give equal impulfes. For that purpofe, let a rery 
fine circle be traced on the fide of tbd. wheel, let the holes for the pins^. that are taaft on . 
the pallet outwards, ,be drilled. infide pf the circle, and fa a^that the edge of the holes (hall 
coincid<; with it : thofe pins for the inward pallet muft be drilled without. the circle, and to » 
have the edge of their holes alfo to coincide. In this cafe^ the impulfe given to the pallets ^ 
w^l.be equal ; >ut then it may be faid that the reft is not equal, this laft is fo trifling, that - 
of evi^s it is the leflTer. 

In this cafe of.* an efcapement wheel nmih pins-^ on eacb fide, the impulfes and times of 
n^ft^are brought nearer tQ an equality than in Madge's, yet his, teeth iiave fome advantages . 
which the pins want. 

The. roller attached to thcrerge, and ferving as a psiUet, is not new. Le.Roy, Berthbud^ . 
aiid others, had ufed fuch, nor do I lee much benefit to be derived from it. . The watch- 
oukeKfipf .Cbaux dc Fondly Lc^e, and .of .Gcnevat think Jb.littk o£ thisi (hat they ufe . 

fimply< 
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Cmply a piece of brafs for this pallet. ^ You maft know that they hirre long ago and often 
made up watches and clocks with Mudge^a efcapemcnt to them; probably from Berthond'i 
Carrying it to Paris with him ; Mr. Afadge having (hewed hioi the efoapcmciit when be was 
in London, in 1766. 

I fee you wi(h to be informed, Who waa the inyentor qf the compenfation watch at pre- 
fent in ufe ? I can inform you this, it was the invention of Le Roy, as you may fee in a 
book, entitled, <* Voyage fait par ordre du Roi in 1768, pour eprover les montres Marines^ 
inventees par M. Le Roy, par M. Cailini, Fils." 

The invention of the horizontal efcapemeiit you have attributed to Debaufire. The 
efcapement of Debaufre has not the fmallcft affinity to the horizontal one, nor can it gii^ 
any. idea of it, or tend in the leaft to lead to it. 

Mr. Tompion certainly gave the idea of the horizontal efcapement, in liSpj-s to be fore 
it was not in his hands juft what it now is, but in the ftat'e fuch as he left it, was Mr. 
Graham (who,. I believci was his apprentice) afterwards led to improve it, and ultidnately 
to compliete it, prior fometime to 1730. 

Debaufre*9 efcapement had two balance wheels on the fame axis, arid was a contirdte 
wheel watch. It was the 6rft watch that perhaps was ever jewelled in the verge holes. In 
liis attempting to Improve the efcapement, he formed a connexion with a M. Facio, a native 
of Geneva, who, in 17CX), ha^ invented the piercing of rubies and of watch jewelling, and 
not being well received with his invention at Fans, Facio came over to London ; and fet 
to work with. Debaufre at the faid efcapement : its pallet was of diamond. 

There are watch-makers at prefent in London who may remember a Debaufre, a Watch- 
jeweller, and one of the earlieft of that bufinefs, who died about 17749 or thereabouts : h6 
was old, and perhaps might be the fon of the former. The introduAion of watch jewelling^ 
into Britun, you fee, arofe from an accidental circumftance ; and it is ftrange that to this 
day it is hardly known in France, unlefs of late fome one may have left this country, un- 
fortuimtely by want or by opinion, and carried the art there. Should thefe lucubrations be 
'fivourably receivedi I may have Tomethlng more to communicate to you afterwards. 

I am SIR, 

With much efteenb 

Your moft humble fervant, 

THOIIAS REJD. 

• « 

* Watch jewtlllng fias contributed not a little to Ac tdebnty of our watcBei. 
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Pray who fitft tpplSed die duplex efcapement, in Londoiii to watches ? It is the in* 
Yeotion of a Dtttertre eariy in the eighteenth century K How long is it iince watches wick 
the virgule efcapement were fieen f and who was he who applied it tirft ? 

See Regie Artificielle du Temps» par M. Sully, refpe^Ung Debaufre's efcapement ; it is 
but rather treated of there obfcosely, yet I am quite well aware of its conftru£lion. In the 
fpelling of efcapement I have ufed an ellifion for the e \ however, you may adopt which 
way you think beft. We ufe the word Efcapement in common conrerfation. 

I wonder much at thofe gentlemen of TAcademie Royale des Sciences fo grofsly mif- 
taking or mifreprefenting what Sully has written ; nothing fo clear to me as the account 
Sully gives of Tompion's efcapement being the foundation of the horizontal one* Tompion 
gave it up for a bad job, and this might be one reafon why it was fo late before it was com* 
pkted under the hands of Graham* Thofe gentlemen of the academy are equally miftaken in 
their ideas of improvement given by P. Le Roy to Debaufre's efcapement, which they call 
the horizontal. What P. Le Roy did was, he took one of the wheels, and fubftituted an- 
other pallet; but nothing here all the while but is mod dillant from the horizontal one. 
It is true that Sir Ifaac Newton had one of Debaufre*s watches, which he (howed to Sully 
in 1704. I 4o not know who this Gourdain was, who is aifo mentioned. It mud be 
Gaudron that they mean. He was a man of genius, and watch-maker to the Duke -of 
Orleans, during the Regency f* 

^ N. B. Enderlin takes the merit of being the inventor as well as Debanfire, and P. Le Roy claims 
that of Dutertre. See Lepaute, Thiout, &c. 

f Gourdain was a watch-maker probably of Paris. His commtinications were made to the academy in 
1742. 

The commiflion of the academy^ in their report on M. Gourdaiirs improvement of Baufr^^s efcapement 
(Rccueil des Machines^ VII. 137), dcfcribe this laft as follow : I tfandate verbally. 

** To remedy diis inconTenience (the acceleration in the crown wheel and pallets, when the firft mover it 
tugmented) ** the Sienr Baufre, a French watch-maker, fettled in London, imagined, in 1701, the 
** efcapement called dead beat {qiCon nomme a repos)^ He fuppreffed the two pallets and the crowu wheel, 
*' and fixed on the arbor of the balance a kind of cylinder, rather thick, interrupted in one of its halves, 
<< and which, inftead of its being terminated in its fe^ion by the plane which would pafs through its axis, 
'< is on the contrary (terminated) by two inclined planes, one on each fide of the axis. 

^< Oppofite thefe two inclined planes are two wheels fixed parallel to each other on the fame axis, placed 
*' fo that the teeth of the one are oppofite the interval formed by the teeth of the other. By this means, as 
** loon as one tooth has Aided along one of the inclined planes and impelled the balance, the other tooth 
<< repofes on thefuperior haft of the cylinder which carries the inclined plaiiej A> that the balance can obey 
<< the whole impulfe it receives, and run through arcs as large as are neceflfary, which gives a facility of 
<* regulating the going of the watch, and taking advantage of all the accuracy which the fpiral fpring at. 
" tached to it is capable of giving." 

The reader will perceive how I myfelf, and not the academicians, have been miftaken in my note at 
page 53 of the fecond volume of this Journal, in concluding this to be the horizontal efcapement, to which, 
iiideed, the deicription would apply if we were to overlook the words here put In Italic, as I diil| and infer 
that iHe places of repofe were on the curved furfaces of the cylinder. 

Gourdain*s efcapement is precifely enough defcribed in the note laft quoted,— Nt 
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What has given credit to Pmdibeck aa the uirentor of z watch diiermameteri muft have 
been the cif crnnftancie of his puTthafing from Berthoud, when in London, i *j66% 
for his pfefent Majeftjr, a watch with center fecondSf the common Verge Efcapement, 
and having a thermometer} or compenfation piece, which Beitfaottd fays, was the firft 
pocket watch made with fuch a tbbg. Kendal copied this compenfation work in fome 
watches that he made afterwards. 

Sully wrote his Regie Artificielle in 1717, and J. Le Roy gave an edition of it in 

2737. He was an EnglKh watch maker; what time he went to France I know not, bat 

he was a great genius, much efteem^d there, and had the merit of putting the bufinefs in 

a better train, reared up workmen, aiid gave them quite new methods. Julien Le Rof 

thought highly of him, and was himfelf a man of very uncommon ability. 

Excufe this defultory manner, a little trouble may make it more conne&ed. 

T. R» 



V. 

Inquiries relative to the Laws cf Affinity: hy Cit. BEtLTHOltET^ Member ff the Natiomd 

Inftitute of Arts and Sciences ♦. 

(Concluded from page %\.) 

A R T I C L E X. 

On the Determination cf the Ele^ve Affinities^ 

X O determine the elective affinity of two fubftances for a third, according to the notion 
which we ought to conceive of it, conGfts in afcertaining in what proportion the third fubr 
ftance divides its adlion between the two firll, and to what degree of faturation each of 
thefe muft arrive when their forces are equally oppofed. The relative affinity will be in 
proportion to the degree of faturation they would attain, on account of the quantity which 
ihall have a^ed ; fo that if the quantities were equal, the comparative degrees of faturation 
would afford the meafure of the refpe£kive affinities* 

2. When I fpeak of the faturation of a fubftance, I do not mean that abfolute faturation 
In which all reciprocal a£lion would ceafe, but a degree of faturation wUdi is eafily diftin-^ 
guiflicd, and is common to all combinations. It is that of neutralifation, in which none of 
the properties of the conftituent parts predominate. The term of cryftaliifation of falts^ 
does not always coincide with that of neutralifation ; for example, with refpedi to the car- 
bonates of alkali, which ftill continue to afford indications of alkalinity, and with the aci- 
dulous tartrite of pot-aQi, which on the contrary retains an excefs of acid. Neverthelefs^ 
we may take the laft combination at the term in which it is neuter, becaufe it ftill poffcffc* 

• Tranflated from tbe Annales de Chimin XXXVII, 151.» ' 

the 



die property of eryftaliifiog ; it is this tartrite alfo which is neceflarily obtaintdy when an 
' escefs of the bafe is prefent in the experiment \ but when an ezcefs of acid is required, the 
degree of faturation in which the acidulous tartrite exills, may be determined by the quan« 
tity of pot-adi which is neceflary to efie£t: its neutralifation. 

3. One confideration which is immediately feen to dcfenre much attention, is^ that on 
comparing the affinities, it is neceflary to employ in all the experiments, the £ime propor* 
tions of all the fubftances which might be fucceflirely put in oppofition ; becaufe, if the 
proportions Yary, the refult of the zQXon will be no longer the fame, nor can the affinity be 
v^refented by the fame number. I fhall proceed to iUuftrate this obfenration by an 
example : 

Let the number 100 reprefent the pot-a(h, which b to be faturated by icx> parts of fuU 
phuric acid ; I oppofe to it 100 parts of foda ; I fuppofe that after the aQion the pot-aih 
will be found to have abforbcd 60 parts of the acid, and the foda 40 ; I (hall then conclude, 
that the affinities of thofe two bafes for the fulphuric acid are in the proportion of 60 to 40; 
But 40 parts of pot-a{h remain uncombined \ thefe ftill continue to a£t, and contribute by 
their a£lion to the diTiHon of the acid ; fo that if this quantity were to be varied, the refult 
would no longer be the iame« Jf inftegd of 100 parts of pot-aOi and 100 parts of foda, I 

■ 

take only 80 parts of each, the uncombined remainder will aflTord 20 parts of pot-afli, and 
another quantity of foda, fo that the forces exerted by thofe two parts, are no longer in the 
above-mentioned proportion ; whence it appears that the two faturations' cannot be in the 
proportion of 60 to 40. 

4. But in order to afcertain the degree of faturation acquired by each of thefe fubftancesp 
It is neceflary to efie£l a fep^rat}on ; and this can only be obtained by elafticity, by cry(tal« 
lifation, by precipitation, or by the a£lion of a folvent. But wiehave feen that thefe dif^ 
ferent means ought to be confidered as foreign powers which alteir't'h'e refults, and determine 
the combinations that are formed, without our being able to meaiure their efie£t, fo as to 
difengage that of the ele£bive affinity ; and confequently, that thofe feparations which, in 
the aniclesl, 11, III, have only been confidered as the proportional efieA of ele£iive affinity, 
ar^ really the efiedl of feveral joint forces, as is proved by the obfervations fubfequeat to 
thofe artibles. 

When it is neceflary, for inflance, to afcertain the quantity of fulphate of pot-afli and 
foda that might be formed, the force of cohefion not differing confiderably in thefe two 
fulphates, it is probable that it would not tSt€t any great change in the proportion of the 
two falts which would cryftallife; but it would be neceflary to feparate the excefs of alkali 
by alcohol, in order to obtain the whole cryftallifation. Now, the a£tion of the alcohol' 
being unequal upon pot-afli and foda, would again produce a change. 1*0 thefe qonCde* 
rations we may add, that a change of proportions would not only caufe the force of the 
foda and the pot-a(h (No. i ) to vary, but alfo that of the alcohol, without mentioning the 
affinity of the water, which ferves as the folvent. 

la But 
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But the changes would be much more conGJenable^ jf barytes were to ferre ai a coxnpa^ 
rifon with either pot-afli or foda; the fowjc oC^cobefion paffcflcd by the fulphate of barytca 
would then operate in (w\i z manner,, that it would leave the alkali only a very fmall 
quantity of fulphuric a<iid, which wouk) be, much nearer to a meafure of the force of cohe- 
fion of the fulphate of barytes, compared with that of the fblvent, than of the affinity of the 
bary tes compared with that of the. alkali. 

This 16 fo tmcy that ^f j k& order to compare the affinity of the arcidt for barytesi we 
were to begin by treating barytea wifii an excefs of fulphuric acid, it would be almoft in- 
tirely precipitated, unlefii the acid were extremely concentrated ; we could not dillinguifh 
the c(nnbined portion from that which is not, and ailert, that barytes has a greater affinity 
for the former part than for the latter. This however is really ftated, when it is af&rmed, 
that the fulphuric acid has a greater affinity for barytes than any other acid, becaufe a ful- 
phate of barytes is formed by precipitation. That tSc€t is attributed to ele^ve affinity, 

which depends more particularly upon the force of cohefion peculiar to the fulphate of 
barytes. 

It is therefore manifeft that the eledive affinity of any two fubftances, with regard to a 
third, cannot be determined by a dired experiment, even when the trial is made with two 
fubftances in a liquid ftate, and which can be neutralifed by faturation; fince it is necefTary 
to introduce foreign powers in order to afcertain the faturation. 

5. It has been feen in articles II and III, that the affinity of a fubftance may be com- 
penfated for by its quantity. 

From this confideradon, it would appear to be fufficient if we were to difcover the capacities 
of faturation which diffiurent bafes have for an acid, or diSerent acids for a bafe, in order to 
afcertain the proportion of their relative affinity : for this fhoald feem to be in the inverfe 
proportion of the quantities neceflary for producing the fame degree of (ataration. 

This confequence is erroneous, when we wi(h to apply it to the de£iive affinities, be« 
caufe as foon as two fubftances are prefenced in order to combine with a third, new forces 
are eftabliflicd, which not only determine other refults, but even change the conftitution 
of thofe fubftances. 

I compare the fulphuric and carbonic acids. It is certain that if I bring a qnantity of 
pot-a(h to a term of neutralifation by the carbonic acid, it exerts a force as great as the 
quantity of fulphuric acid which would be neceflary to produce the fame tfk6t ; and yet if I 
pour the fulphuric acid upon the firft mentioned combination, the whole of the carbonic 
add will be difengaged ; becaufe, being no longer retained by an equal force, it again 
aftiimes the daftic ftate ( and even if it be abforbed and retained by a fuffident quantity of 
water, it will no longer be in the fame ftate of compreffion ^ it will not have the fame 
conftitution \ it will no longer be the fame fubftance relative to chemical aAion. And 
laftly, we muft apply the obfervations made in the preceding numbers to the a^on of 
fubftances unequally faturated. 

The comparifon between the capacities of faturation, though it may liead to important 
eon&derations) cannot therefore be applied to the determination of elcAive affinities. 

ARTICLE 
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OnfomeJSrrors which proceed fnoni a jpal^Ntiianj^EUfti^ 

1. I (ball hero dilcufs fereral opinions whlcti ' hafd fcdin adopted rdttivc to elef^ire 
affinity,; I fliaU (hew how unfounded they s^re, and fkiXL^ppok to them the application of 
the principles laid down in the preceding artictes': ' '- " 

^ Baume has obfcryed> that when the fulphate of p'ert-afli'ls dfflhl¥ed by means of beat> in 
an equal weight of nitric acid> cryftals of the niti-ate bf pct-afli are' obtained by cooling: 
be attributes this decon^pofition of the fulphate of pbt-aih' to reciprocal affinities which 
produce oppofite combinations, but does not deterniine the ca\ife of this contrary eSc£L 

a. The explanation of this remarkable fa£l has been contt1idi£ted by Bergman. He 
obfenres, that there are fome falts which have a tendency for an excefs of acid, fuch for in* 
ftance as tlie acidulous tartrite of pot*a(h« He conceives thkt when tbefe lalts exift in a 
ftate of neutra1ifation,> it is ueceflary to confider their bafe M dittded into two parts; one 
of which is particularly affe£led by the whple a£tion of the aekl) in order to form the aci- 
dulous fait, while the other part only tends to fatisfy that portion of acidity which remains 
in the acidulous fait. This part of the bafe is therefore only retained by a feeble acidityy 
and may be carried off by an acid very inferior to that which enters into the firft combination* 
Thus the acetous acid may carry off that part of the pot-afh which, in the tartrite of pot-aft^ 
IS fuperfluous to the combination which conftitutes the acidulous tartrite of pot-afliy though 
this acid has an affinity much weaker than that of the tartareoos acid itfelf. 

Now, the fulphate af pot-a(h is among the number of the (alts which have a tendency to 
form an acidulous fait. Nearly two thirds of its bafe enter into this combination, and it is 
this part alone that is fubjeA to the whole affinity of the fulphuric acid. The remaining 
third may be feparated by an acid of an affinity inferior to that of the fulphuric acid, fuch a$ 
the nitric acid, the muriatic acid, and the tartareous acid. When the decompofition is 
carried to this point, it ceafes, whatever may be the quantity of the acid oppofed : and if 
the quantity be not too great to prevent the cryftallifation, or if the ezcefii be expelled by 
heat, an acidulous fulphate is obtained by folution and evaporation, which forms permanent 
cryftals in the air. 

3* How could the illuftrious Bergman have deviated from the path traced out for him by 
obfervation ? It is proved even by his own experiments, that the acid whidi is fuperabundant 
to the acidulous fulphate of pot-a(h exerts its affinity, that it exifts in combination, and 
ads in proportion to its quantity. For he obferves, that if fulphuric acid be added t6 
the acidulous fulphate of pot^afh, this fait is diffolved, and lofes its property of cryftallifing ; 
that this excefs of acid is expelled with difficulty, even by diftillation in a retort s and in 
order to obtain this cScSty it is neceffary to fufe the faline combination in a crucible, or to 
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employ feveral times the repeated aAion of very pure alcohol. 

4. The limit given by Bergman to the a£lion of the acids upon the acidulous fulphate iis 
therefore imaginary. This fulphate a£ls like all the falts which arocapaUc ofrefifting, to 

a certain 
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a certain degree^ the a£lion of an excefs of acid or of bafe (Art. V. No. 4}, a$ well as that 
of another acid, or a foreign bafe.- /The 6n1y difference between them in this iefpe£l de- 
pends on the force of cobefioni which may ^Sk niore or lefs ftrongly to produce cryftallifa- 
tioflf which is peculiar to certain prdportibns of the acid and its bafe, probably in confe- 
quence of the figure aflumed by the particles of which the combination conGfts. . 

5« When an acid has the property of forming a precipitate, by combining with a bafe, it 
has been fuppofed to pofTefs a greater af&nity for that bafe than the acid with which it was 
before combined, without even examining to what point the new acid may have effeded 
the decompofition \ and without confidering that an oppofite decompofition would have 
taken place merely by a change of the proportions, and might confequently in that cafe 
have juftified an oppofite conclufion. 

In this manner as the tartareous acid has the property of* forming, with pot*a(h, an aci- 
dulous fait of difficult folubillty, .and confequently affords a precipitate with all thofe faltg 
that have potpafh for their bafe, and are not diluted with too great a quantity of water, it 
has.been fuppofed to have a greater affinity for pot-a(h than the other acids. Bergman has 
made an exception widi refpeA to the fulphuric acid, becaufe he fuppofed that the tarta- 
reous acid could only z6t upon that pot*a{h which exceeds the combination of the acidulous 
fulphate of pot-a(h ; a fuppofition which I truft has been refuted in the preceding numbers. 
He has alfo excepted the nitric and muriatic acids, becaufe he imagines that the tartareous 
acida^s^ witkrelpeAto the nitrate and muriate of pot-afh, in the fame manner as with 
the fulphate \ and x^everthelefs he has not afcertained tbc^ exiftence of an acidulous nitrate 
asd iBioiate^of pot-^aih fimilar to the acidulous fulphate of pot-a(h. 

: He alforcoodudesy from experiments made with the falts which have foda for their bafcf 
without however making known thefe experiments, that the tartareous acid ought to be 
placed after the oxalic acid } but, thefe exceptions apart, the tartareous acid, according to 
hiiU) completely deconpofes all the other falts that have a fixed alkali for their bafe. 
. What embarrafles Bergman is, that the tartareous acid does not produce a precipitate 
with the falts which have (bda for their bafe. He believes that this apparent difference is a 
confequetice of the foda not having the property of forming a fait of fparing folubility with 
an excefs of acid ; but then the indication which is thought to afford evidence of the decom- 
pofition is wanting; and it becomes neceffary to be fatisfied with the probability, that the 
affinities of one fixed alkali follow the fame order as thofe of the other. 
. All this claffification of affinities is founded upon the falfe fuppofition, that one acid 
•will expel another from its combinations by its affinity alone, confidered as a conftant force ; 
and this fuppofition neceflarily demands feveral others, in order to explain as exceptions, 
thofe fadis which are naturally derived from a general property. 

6. I have examined the decompofition of the acidulous tartrite of pot-afh, by the nitric acid, 
which, according to the received opinions, then alfo adopted by me, ought to decompofe 
it, by completely depriving it of its bafe. I. therefore put fome acidulous tartrite of pot-aih 
and nitric add in digeftipa together, and obtained by coolings fome fine cryftals of nitrate 
^ .. 4 of 



•fpit*t(h. I rq^eateJ the experiment fevcral times, by addaag attiie tod tiU nitrate of 
pot-afli w^ no longer feparated. I then expofed the liquid to heat capable of making the 
^ifengaged portion of siitiic acid evaporate, without altering the tartaieous acid. After 
thtf the Kqaid had acquired an oily confidence ; it had no fmelli and did not amumnce thii 
eziftence either of the nitric acid or of pot-afh i but on expofing, it to a ftiong heat, much 
nitrous gas was difengaged, the tartareous acid was reduced to coa)> and its afiies afioided 
a eoiifiderable quantity of carbonate of pot-a(h« 

7; In this operation one portion of nitrate of pot-afh is feparated by the force of cryAallifa- 
tiott in that fait, as far as that point at which that force is overcome by the fuperabandant 
aci4* The acidulous tartar is rendered foluble by the a£tion of the nitric acid, which, at 
the (ame timei deprives it, by cryftallifation, of a part of the bafe neceflary to make if 
iofoluble. 

On the other hand, the tartareous acid, poured on a folution of the nitrate of pot-aih> 
deprives it of its pot-a(h to a certain degree, and forms an acidulous tartaritc which is pre« 
cipitated ; but as it has not the property of forming an acidulous tartarite of foda» of 
fparing folubility, it does not produce any precipitate with thofe (alts that have fbda for 
their bafc. 

In both circumftances, all that portion which cannot be feparated by the force of 
cohefion, forms a liquid, in which the fubftances a£t in proportioii to their pidcBt 
vafles. 

Nothing, therefore, can be concluded about the refpeAive affinity from fuch feparationa 
aa are ctkGted by precipitation or cryftallirati6n, fince by the mere change of proportions^ 
oppofite decompofitions may frequently be obtained* 

8. The precipitations which take place when, on comparing the affinities of bafes» one 
of them forms an infoluble combination, has given rife to an error of the fame kind |: and 
on this ground alone it ha; been eftablilhed that lime has a greater affinity than alkali for 
the fluoric, phofphoric, and arfenical acids, or, in- a word, with all thofe which form with 
it an infoluble compound i and that confequently it has the property of entirely decom* 
pofing falts formed by the alkali and thefe acids* This precipitation is not the refult of 
eledive affinity, and it is not complete ; but its quantity is determined by the proportioii 
which the zGtion of the fluid bears to the force of cohefion in the precipitate t hence it is 
that the precipitate is frequently diflblved again on increafing the quantity joi the liquid 
fubftance oppofed to it. 

^ Ahhough Bergman has well defcribed the changes which heat is capable of producing 
in chemical action, when the fubftances have a tendency to become volatile, and has alfo 
warned us againft employing too ftrong a heat in evaporation, the whole influence of heat 
in thofe operations by which falts are feparated, in order to form a judgment of their affi* 
nities, has not yet been (hewn. 

It would not have been concluded that the fulphuric acid has more affinity for the fixed 
' alkalis th«i the nitric or muriatic acids, from the fimple circumftance that, by a ftrong 
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heat, ic expeU thoie idcU bom tbeir.focnbiiatiofii^ if attoittoo bad at the fame time beeii 
paid to.the fa^ that eYca Iq^ the heat employed for caCuGog the efaporation and obtaining 
the cryftaHifatioa of faltSy the proportioiu of the Yolatile acids may be confiderably changed 
by the fulphtiric acid which remains oppofed to thcmy and. which may even at laft expel 
them entirely, by means of the difference which exifts between its fixity and that of thofe 
acids. (Art»Vn.No.s). 

ID. We are indebted to Bergman for feme ufeful obfervations relative to the errors that 
may originate from the folubility of a fubftance which is difengaged, and of which the 
reparation is not perceived. He remarks that pot*afli or foda do not affe£l the tranfparence 
of a folution of fait with bafcs of lime, if this folution be diluted with fifty times its quan* 
tity of water; becaufe the lime which is feparated, heing folublci remains in the waters 
But he does not confider that if the lime did then poflefs only its natural folubility, this 
would be a very feeble obftacle to the precipiution ; for it would require nearly feven 
hundred parts of water to eSc(k its folution. What adds fo greatly to its natural folubility 
is, that it continues to temain in combination with the acid (Art. V. No« 5}, and that it 
caonotbe leparated without retaining a part of this acid (Art IIL No. 9), by which its 
folubility is fo increaied* 

ix« Notwithftanding his general obfervations, Bergman has miftaken the efFe£ts of 
fidiibility in a variety of circumftances. For inftance, he did not believe that the nitric 
and muriatic acids were capable of aAing upon the phofphate of lime, though the only 
dtiSnpenee that can be afcertained in this rtfycCt between thefe acids and the fulpburiCf 
without being acquainted with the comparative force of their affinities, is, that the two 
firft- mentioned only form foluble combinationr, while that produced by the {iilphttric acid 
may in a great meafure be withdrawn by the force of cryftalUfation. 

12. It is the foittbility of lime, as well as of barites, acquired by the a&ion of the acid 
upon thofe earths, which prevents ammonia from affordmg any precipitate in the folution 
of thofe falts of which they are the bafe. Neverthelefs the firft portion of ammonia which 
is mixed> for inftance, with the muriate of lime, emits fcarcely any fmell, which indicates 
that it has entered into combination; and its aAion may be rendere^Lperceptible, as we 
fliall (hew. 

I mixed fome ammonia witli a folution of muriate of lime, and evaporated the liquid 
in a retort. When it was reduced to a certain point, a confiderable quantity of pre- 
ctpitate was formed. I continued the experiment : towards the end the quantity of pre- 
cipitate was much diminiflied : a pellicle was formed, and by cooling a great quantity of 
cryftals in needles of a tolerable length were obtained. It was a triple fait, from. which 
ammonia, might be difengaged by lime. This fait, on being again difiblved and evaporated 
in the open air, no longer aflfbrded indications of ammonia when tried by lime. 

It is therefore evident, that when the water was not too abundant, the ammonia pre-» 
clpitated part of the lime, though it was rendered much more foluble by: the acid, and 
though the adion of the anunonia was confiderably weakened by heat, which diminiOied 

both 
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lk)dl its tfifdty tnd iti qMitkf. ImptofOfAdn as fhe bitter was fedtiM, tlrd (ifectpitate 
wtstftfar dUMirM; oMritMbMiftllg lAkA»i tfl0ie#tf«rotMM«BatiMdr MiiMfni after x 
long eraporatbo, ind it wts duly by means of tbe aAion of the air that it wHftniiraf 
ampiM. Tbe VZifiarittkMI of Out flMS #miM (idlAltofli * iMMne iiHicli inoie fehfible, if. 
ammotilaeal gas irere receited in a fligblty 4Umei ibHitioB of the inWvace tit TtHlt. 

Wlien afnmdnia ^rochices a precipitate iMi file 61^ tbat have rivmitie fbt their bafe^ It 
is beeattfe Ak tzrA is lefs folnble dian limei even #hea it is combined #iA (he portion of 
add irhibK it retains when precipitated. 

AltTICLE XIL 

On ^Cmplfx Ajjimties. 

f • I fliaU pfMeed to examnie» under the more general name of cemphu affimtft iriiae 
has iKOn oenfiddred as due to tlie coneurreoce of foor affiaitiesi and #iii^ has bete oo»» 
amdy hnown by the name of imih agmkj^ 

To give ati idea of the aftion of four affinities^ Bergman ezaminod the efieCk which taket 
pbRSe on mixing the folution of the fulphate of pot*a(b with thift tff fhe muriate 6f Cmtf. 
it n> fays lie, tlie fame as if the proportions of folphuric and mariadc aeid|» of lime and 
pot^afli^ which entered into the compofitidu of tbefe falts^ were piHf \A the ^entity of 
water employed \ the two bafes a£k by their affinities upon the two acids : hat though' the 
aSidty of the ^ot-afii fbr the fiilphuric acid be ftrotfger than what it has for the mnviaiie 
addf yet the affinity of tbe latter for the pot-aflh added to the affinity of the fot« 
phuric add for the limef gites an a^regate of Ibrcea greater ibto the affinity of tl» 
folphuric acid for the pot-afli^ and that of the muriatic acid for lime : thus an ezchadg^ 
of bafea is determined ;• fo Chat inftead of fulphate of pot-a(h afidiAmiate of iime» we 
have fitlphate of lime and muriate of pot-aflit This explaitatioii ii atwayir founded oik 
the fuppofition that the affinities are couftant powers^ independently of the quantities and 
Cate of faCuradonw 

a. When two bafes aA togedier upon aa acid^ the latter is divided^ oi* rather dividea itb 
aftioa in pit>portion to their mafles ; and if inftead of oiie we have two acidsy and no 
reparation is effi^ded either by precipitation or ctyftaliifation^ both the acids wiH aSb 
equally upon the two bafes in the proportion of their mafieS. If each of thefeadds wdre ori^ 
aally oomblned widi a bafe, the anwunt df the mutual foi^es of the acidi and alkalis, after 
fhi&ing the foIutionSof the falts^^will be the fameas before* No muriate of poNaffi nor fulphate 
of lime are formed ; but there will be a oonilMnatioki of pot^afo, lime» fulpHuric acid^ add 
muriatic acid> Which will giirc the fame degree of (kturation as befofile the mixture. Hence 
it is» fJhat on mixing two falts, wiiich, by exdiangC) dught to produce combinations that 
WouU have very dtffiarcM propoitions df principles, there is not), as has been juftlyre« 
marked bf Guytdo^ either tbcacidity or thd alkalinity which would neceflarUy apfiea* 
)f foch a change were really to take place. 
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3. The exchange of bafe&iias beea inferod 'm^r«Iy £rom,ihe refult of the precipitation 
and cryftallifation which have been oi>£eiiF^.i Ult this cffed J^a%,iiQt been attributed to its 
real caufe. .1 

In Art. V. it has been (hewn that the force of cohefion determines the feparation whtch^ 
in the eleftive affinities> takes place.by preqipitatioa or.cryftallifation. It. is alfo the fame 
force which produces the fame fStOt io the complex affinities*. When I mix the folution 
of fulphate of pot.afh with that: of the muciate.pf Ume>.tbe quantity of water not being 
great, the lime, in Its conta£l with the fulphuric aqid (No. l)> is fubje£); to the ciFefl of 
the force of cohefion in a higher degree than the pot-afli» Thus a new force is added to 
thofe which previoufly exifted ; and this muft determine the combination of the fulphuric 
acid with the limci at the fame time as its precipitation* 

4* If we take a rapid riew of all the known decompoCtions which are owing to the 
eomplex affinitiesi and we (hall fee that it is always to the fubftances which have the pro- 
perty of forming a precipitate, or a fait that may be feparated by cryftallifation, that aa 
excefs of affinity has been attributed beyond tboCc oppofed to them : fo that we may. 
foretel by the degree of fotubiiity of. the falts which are formed in a liquid, which are 
the fubftances of which Bergman and other learned chemifts have pretended to reprefent 
Ae forces in the'hr fymbolical table% by always attributing a fuperiority of affinity to the 
two fubftances which are difpofed to form an infoluble combination relative to the quantity 
of the folvent. 

Lime, magnefia, barites, and ftrontian, forro, with the carbonic acid, infoluble falts ; 
attihefolublecombinalibndpf thefe earthsy when mixed with carbonates of alkalis, produce 
an exchange, frotti which the formation and precipitation of carbonates with earthy bafes 
refbtt. 

' Barites forms, with the fulphuric aeid, an infoluble fait. Every time the folution of a 
fulphate is mixed with that of a fait with bafe of barites, a fait having a (imilar bafe, is 
formed and precipitated. 

As lime makes a fparingly (bluble fulphate, which is in a great meafure prectpitated» if 
there be, not much water, it alfo changes its bafe with all the foluble fulphates,' till the 
period when precipitation ceafes, by the folubility of the fulphate of lime. The fulphate 
df lime being ftill more foluble than the fulphate of barites, the more foluble falts with 
bafe of barites deeompofe the fulphate of lime. 

^ The oxide of filver forms an infoluble fait with the muriatic acid : all the falts of filver 
which are fehible, being mixed with foiuble muriatesy the muriate of filver is precipitated. 
Mercury, which is not too much osided, a£ka in the iame manner. 

As the muriate of lead is fcarcely iblubie, the falts which the oxide of lead fonns with 
die othev acidSi and which poflefs ftrfubility, produce a precipitate with the foluble 
muriates-, but aa it laabea aa infoluble fak with the fulphuric acidf the Ibhition of muriate 
•f lead afi>fds a f r^iiate oi fiilphate of IchkIIs wheaiaixcd with fchibk fiilfhaies. 

^ Wheii 



5% WbiTO^ therefore, water H e?a|R>rated, in which ibveral kk% have been put in a ft ate 
of folatioa, they will be feutnt to fepartte aocortfiiigr co the order of thek folubility, and it 
U from thb property that we are able to afcertain the changes of bafe which may 
be tSkCtti. " 

'But the folttbility of falts Tariet aceordittg to the temperatures. It is» therefore, the 
foldbility rebtive to the difitrent temperattreg which ought to be confidered. The nitrate 
of pot-a(h, mixed with the muriate of fbda, will cr jftailife at a low temperature ; but the 
muriate of fo^ will (eparate erea during die cime of evaporation. No e](chaoge of bafes 
mil be efie^ed, becaufe the nitrate of foda is a little more foluble in cold than the nitrate 
of p6t-a(h| and on the contrary, the muriate of pot-aih b rather more foluUe in heat than 
the muriate of foda. 

^ 6» I here attend only to the principal refult» arifing from a force of cohefion fo great, 
that it caufes the tScGt of the forces oppofed to it to dilappear. But when this power is 
not conGderable in the combinations that may be formed, the mutual a£tion of the fub- 
ftances which remain in the liquid ftate, that of the folvent, and the proportions which 
,vary by the cryftallifation of a combination that is feparated, muft produce difierent i:fieds. 
The experiments I have began will not fail to elucidate this fubje£t« 

7* Another circumftance may change the afiion of the complex affinities ; namely, the 
formation of a triple fait which precipitates ; but by knowing the degree, of folubility of 
this combination, we may dill foretel the decompolition that will take pla^e* The (ame 
confideration is applicable to the affinities called eUUhe, 

8. A precipitate is fometimes effeded by the mixture of two faline fubftances wluch have 
the fame acid ; for inftance, by a mixture of the muriate of magnefia and the muriate of 
lime. It is probable that two combinations are then formed, one with an exccfs of acid 
and a fmall part of the two bafes, the other with the greateft part of the two bafes and a 
fmall portion iof acid. 

This tStCt is analogous to what we have obferved in Art. IX. No. 3 ; but here it is the 
inutual affinity of the two bafes which determines the precipitation. 

9. We have feen in Art. VII. that heat, by increaflng the volatility of a fubftance, 
weakens its combination. This eaufe afb no lefs in the complex than in the elective 
affinities. It is a force added to tho(e which a£t, aild determines the union and the 
reparation of thofe fubftances which hare the greateft tendency to form a volatile com- 

• * . * » 

bination. ' ' . • . 

- ■< ' .. ..... 

Whenever, therefore, it is defired to know what willhsppent by.expiQfiog two falts to 
the a£lion of heat, it is onlyneceflaivy to examine whether one of the.^wp bafes and one of 
the two acids poflefs a greater degree of .i^olatilky than the. remaining bafe and acid, and 
we maybe aflhted that, on applying a fufficient degi?ee cif heat* the oombinauon of the 
moft volatile bsift ahd'adtd will be fbttned ind Aiblimed, while the flu>re fixed bafe and 
acid Will alfo'retnain combined. -Among the bafes^. ammonia and the oxide of mercury, 
aodamong the acids, the carbonic and muriatic, affi)rd feveral illuftrations of this truth. 

K 2 10. Efflorefcence 
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lo. Efflofefcence onght alfo to be eonfidered as a force wbich> in the complex affiniticSf 

may iletm'mliietee'idl>tnail9dnpeffeffih^ tilts 'j^tt^ formation of 

natron in'tke Valley "of -the ^Lak6* of Nifaton'^ 'ah^^odier pIac<fi*^Ub're*tIie fiime circum* 

(lances occar. 

Tte' fMm^mii ^MMt FMMf'^reftntid to i9l« Inftitute of l^gjrpt, w^*ch will form a 
feqtlel to the infterMttn^^ifcoVerY of the rilli^' of the'Lalces of Natron, for which we are 
indebted to GMeral Andreo(6| {nrore that the circumftiintes neceflary to the' formation of 
natron are^ i;- a'Talid^ whi^h eiMfains hinchf caiA)6nate of'llihe; '2/ mol^^ and, 7. the 
prefence^of the muriate of feda : I hateiAfo temaHced that' the (tiaHcs of the reed in a great 
decree fiCiKtate the produClion'of this fobflance. ' I have prom ifed to explain the formation 
of the carbonate of foda by means of thefe circumftances, which I fliall now endeavour 
to perform* 

^Cdcaredus fand, conftantly impregnated with moifturet may be eonfidered as a folution 
of the muriate of foda, whnch ads upon die earbonate of lime. Now it follows, from 
what' has bieen explained in Art. IV. that infolubility caufes a great -diminution in the 
mutoiil lElftion of a foKd and a Kquid fubftance, but that it does not dieftroy tt. This a6iion 
is oppofed to the infolubility of the carbonate of lime, which is not abfolute. A folution 
muft therefore be formed of a fmall quamity of carbonate of lime, and confequently 
(No. t And 2), the conftituent parts of this ciirbonate and of the muriate of foda, which 
are in folution, exert a reciprocal aftion ; otherwife the prefence of the carbonate of lime 
would not bea-^ondition neceflfary to the formation of the carbonate of foda** 

We muft, therefore, confider the humidity of the cakareous fand, in which the car* 
bonate of foda is formed, as a folution t)f muriate of foda and a fmall quantity of carbonate 
of lime : hence the foda is found in the prefence of the carbonic acid, and the efflorefcence, 
which is a property of the carbonate of foda, ought to be eonfidered as a new force that 
tends to remove it from this combination* In (hort, when, in a foil impregnated with 
muriate of foda, we meet with the ftalks of reeds which favour the efftorefcence, the car- 
bonate of foda not only accumulates round thefe fl:alks» but fometimes it is not formed 

*■ The (blutfton of the carbonate of limt by the muriats of pol>tih, and by like fiiJpkatc of pot-afls wbicji 
indubitably a£l like the muriate of fodat hat beim proved by a dict£k ezpeciiDCiit, for which we are in* 
dcbted to Guy ton (Af<MU 4e SchaU^ part II. note 4t I9 page 18). '* The foluttan of Adpbate of pot-a/h, 
'< muriate of pot-aib, &p. poured in lime water which has been rendered milky by water impregnated witb 
** carbonic acid £^y immediately caufed the precipitate to difappear. There waa likewiie no earthy preci* 
** pitate when water, charged with carbonic acid ga8» was poured in a mixture of lime water and a folntioa 
** of theic neutral fiJtt % the liquor always contained a portion of uncombined alkali.** Guy ton combats 
thA opmba of Sckeeli, wh^ SA not obferve any decompofition with th^ muriate and fwlp hate witk bale of 
pot-aihi bntoaty with the (alts with baft oi ibda. 

The difference cf opiaioo betwe ea tbolt celeb^itf Ji chemiit aroft fimn the drcumiUnfe that one aicer- 
tained the decompoiition only by the efflorefcence» which is peculiar to (alts with bafe of Ibda ( ArL VIU.) 
while the otlkr obferved it in a liqufd $ but in the latter iaftance it is much nu>re limited. >—B^» 

4 without 



V. 



■ . ♦ r - 

■ It .J 



OnthiiotarBfidTirti/hrUJRajtwhUhoettj/Unlka. 4^ 

Withont fach affiftance, when certain circy.mfiaocciy fuA «9 >'iM)('AigiU«ceo«s aatHAK of 
thefotf^ &c. are little faroarable to ita prpdu^Uoavfet^ ^t ^ fliora4opth ttoriaie tif 
foda only is difcoTerabte. 

I wiflied to afcertain the truth of this expUoation in a trough pbfied in OM of tfa« f;ardetis 
belonging to the Inftitote. Por this purpofe fome carbooate^xf 4ioe aod filatfeous tatdit 
botK well walhed| were mixed together) to which < was- added a ctrtata pfdportioo tf 
muriate of foda: a hole was made in this miKturCy fox the purpofe of pouring in watetfOO* 
caGonatlyi and keeping up the neceflary degree of moifture*. An incniftatioii of muriate iif 
foda is forined at the furfacci which already ftrongly changes the colour of paper tinged 
with feroambuc, like the alkalis ; but we cannot expeft to obtain an efflorefconoc fo 
fiderable as to be perceptible to the fight, till after a much greater length of time. 

II. The preceding obfervations fliew that the only diftrence wbid» diftinguiftea tfae 
complex affinities from thofe called ileffive, isi that in the formeri fubftaacca are bfought 
into a£kion which are nearly in an uniform degree of faturation ; and that inthtt latlci^ 
there is a fubftance prefent which is not yet fatiirated. (or ieresal fuch fvbftances may b^ 
prefent) ; fo that in the former, a new degree of faturation ia eftabliOied only io propoetioii 
to the combinations which are capable of being feparated ; whereas, in the latter^ the aAios 
of the unfaturated fubflances becomes in equilibrio with that of the fubftanoee which were 
already fo ; whence it happens that the force of cohefion and that of elafticity produce thdr 
effeA more completely in the complex than in the ele£live affinities* 

VI. 

Experimittts on the Solar and on the Terrejlriat Rays that occajlon Seat i with a comparative 
Flew ^ the Laws to which Light and Heat, or rather the Rays which occq/ion them are 
JubjiB^ in order to determine whether thej are the fame or ^different. By Wu* HERSCBtLtf 
LL.D.F.^.S.* 
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N the former past of this paper, of which an abridgment was gtren at page 36a of our 

* 

laft rdwrnCf it was (hewn that heat derived immediately from the fun, or from ignited tqr- 
reftrial fubftances, is occafioned by rays emanating from then^ and that fuch rays are .fub* 
jc€t to the laws of refie£lion and of refraflion. The fimilarity between light and heat was 
the moft remarEable feature of the experiments there, related*^ In the prcfeot memoir the au- 
thor proceeds to point out fome ftriking and fubftantial' difierencea in the rays of light and 
heat which afibrd data for <U£cttiIing whether there two efibda he produced by one and the 
lamepoiltr. 

* Abridged from the Pbiloibphical Traaiaftions^ 1800> page 437. 
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The various refrangibility of the rays of heat from diofe of fight was ihewn by thofe 
experimetits with the ptiftn, which undoubtedly conftitutet a great point of releinUance. 
But be points out a very material difference} conGfting in the much greater range over 
iHiich the rays of heat 2x6 difperfed when compared with thofe of light. He has exhibited 
this by delineating a fpe£brum of light of A certain aflbmed length reprefented by the line 
G Q^ (in Fig. 5, Plate III. )f divided into feven parts, according to the dimenfioos aiCgned 
-to the colours by Newton ; and to this he has drawn perpendicular lines» reprefenting the 
'intenfity of illumination poflefled by the light at each particular part. The length of the 
'maximum perpendicular being arbitrary, he has aflumed it to be 4;} of the whole line^ 
•tamely, L R at the confines of the yellow and green. The lengths of the other ordinates 
to the curve, naimely, K M H I N O P, are alfo determined in relative length and pofition 
from his former experiments. 

To find a figure in the fame manner to exprefs the heating power of the refraAed prifmatic 
rays, which may be called the fpe£lrum of heat, he examined the extent of the invifible 
rays, and found that its line was in proportion to that of the vifible fpe£brum as 2 to 3, or 
rather, as fome allowance muft be made beyond the laft ordinate, sis 2-^ to 3. Whence 
the whole calorific fpe£lrum proves to be as 5:^ to 3, with regard to the luminous rpe&mm. 
And if the inaximum of heat be exprefled by a line of the fame length as that which denotes 
the maximum of light, and other ordinates be drawn to exprefs the proportions of degrees 
indicated by the thermometer at the vaiious points of the whole fpedlrum, another curve 
BCDEFGHIKLMNOP will be obtained to exprefs the intenfities of heat. From 
the mere infpedion of thefe two figures, thus drawn as lying upon one another, it is Ccen 
how very differently the prifm difperfes the heat making rays and thofe which occafion il- 
lumination. Thefe rays neither agree in their mean- refrangibility nor in the fituation of 
their maxima. At R, where there is mod light, there is but little heat, and at S, where 
there is mod heat, there is no light at alt ! 

Experiment 2 1 . The fines of refraBion of the heat making rays ar€ in a eonjtamt ratio to the 
jines of incidence. A prifm was placed half ah inch beyond' the laft VifiUe red colour of the 
folar fpe£krum from a prifm, and another at the diftance of an inch, while a third was 
placed befide the fpedram as a ftandard. The two firft exhibited change of tem- 
perature» as in the former trials of this kind, while the laft underwent no change. 
Other experiments, with the like event, were tried with prifms of different refra&ing angles 
and of different kinds of glafs, and alfo of water. Hence, as the vifible part of the rays has 
long been determined to have the conftant ratio here mentioned, and the invifible part 
always bore tlie fame relative pofition to thefe, it muft follow that that part alfo is deflected 
according to the fame law. 

Experiment 22. The different refran^bility of Beat is corrected by contrary refroBion in 
different mediums. A prifm of crown glafs, having an angle of 25 degrees, another of 
flint glafs, with an angle of 24, and a third of crown glafs> with an angle of lodegrees^ 

being 
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being put together as they are placed wh^n experiments of achromatic refra^ions are to be 
made, were found to give a i^'£lram ,]a(;arly, widiout colour. The thermometer being 
placed ia the middle of this fpe£^um> bad its temper^t^urc raifed two degrees } but 
inhermoipeter placed near either end -of the fpeClrum was not affe£led. This refult Ihews 
that the different refrangibility of beat, as well as that, of lights admits of prifmatic cor- 
re^kfii and it alfo confirms the conftant ratio of the Gncs of refra£tion to thofe, of 
kipitenee* 

^ Experiment 23. Jh burnmg glqffis the focus pf the rays of beat is iifferenifrom the focus (f 
ihe rays of light* A burning lens was placed in the rays of the fun, its aperture being 
reduced to three inches, in order to leflen aberration. The place of the luminous focus 
was ascertained by throwing hair powder into the air with a puff. A ftick of fealing wax 
was then held i", 6 or 4 beats of a chronometer in the contra£led pencil half an inch 
nearer to the lens than the focus. In this time no impreflion was made upon the wax. It 
was then appKed half an inch farther from the lens than that focus, ^nd in eight- 
tenths of a fecond or two beats of the fame chronometer it was confiderably fcorched* 
When the fealing wax was alfo expofed to the focus of light, it was equally af{e£^ed in the 
£ime time. Whence the Do£lor apprehends we may fafely conclude, notwithftanding the 
Kltle accuracy to be eipe£ted from fo coarfe an experiment, that the focus of heat was 
certaunly farther from the lens than the focus of light, and probably not lefs than one 
quarter of an inch } the heat at half an inch beyond the focus of light being tlill equal to 
that in the focus itfelf. ^ 

- Iti the next place our author proceeds to the fubje£k of the tranfmiflion of heat through 
diaphanous bodies* The experiments made by the prifm, the lens, and the mirror, are 
fubje£i to certain natural imperfedions, which muft impair the progrefs of fcicntific in- 
dudion. The prifm refracts, refle£ls, tranfmits, and fcatters them at the fame time, and 
the laws by which at a£ks in cf cry one of thefe operations require to be inveftigated. A 
lens not only partakes of the errors of the prifm, but alfo Js fubje£l to the aberration from 
its fpherical figure. And a mirror, befides its natural incapacity of feparating the rays of 
light from thofe of heat^ fcatters them very prof ufedly ; but bur author adds that the fcantf 
prorifion of materials to zQl upon thefe rays has been partly our own fault, as every 

diaphanous body may become a new tool in the hands of a diligent obferven 
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{To ii cctttinued.} 
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T has long been mj intention to lay before the Royal Society a few obfenrationt on the 
&bje£t of found \ and I have endeavoured to coUeft a« much infonnation, and to make as 
aaany experiments, conneQed with tins inquiry, as circumftances enabled me to do ; but, 
the further I have proceeded^ the more widely the profped of what lay before me has been 
<lictended ; and, as I find that the inveftigation, in all its magnitude, will oecupy the leifure 
boors of fome years, or perhaps of a life, I am deternuned» in the mean time, leil any un- 
forefeen circumftances (hould prevent my continuing the purfuit, to fubmit to the Society 
fbme coBcluiions which I have already formed from the refults of various experiments* 
Their fubjefb are, L The meafurement of the quantity of air difcharged through an aper* 
tare. II. The determination of the dire^Uon and velocity of a ftream of air proceeding 
ffom an ori$ce. III. Ocular evidence of the natute of found. IV. The velocity of found. 
V. Sonorous cavities. VI, The degree of divergence of found. VII. The decay of found. 
VIU. The haiteouic founds of pipes. IX The vibrations of difierent elaftic fluids. X. 
Tbe analogy between light and found. XI. The coalefcence of mufical founds. XII. The 
frequency of vibrations conftituting a given note. XIIL The vibrations of chords* XIV. 
The vibrations of rods and plaflis. XV. The liuman voice. XVL The temperament of 
mufical intervab. 

I, Of the ^antity of Air difcharged through an Aperture. 

A piece of bladder was tied over the end of die tube of a large glafs funnel, and punc« 
tured with a hot needle. The funnel was inverted in a veflel of water ; and a gage, with 
a. graduated glals tube^ was fo placed as to mciafure the prefliire occafioned by the different 
levels of the furfaces of the water. As the air efcaped through , the punfiure, it was fup« 
plied by a phial of known dimenfions, at equal intervals of time \ and, according to the fre- 
quency of this fupply, the average height of the gage was fuch as is expreffcd in the firft 
Table. It appears, that the quantity of air difcharged by a given apctturc, was nearly in 
the fubduplicate ratio of the prefTure ; and that the ratio of the expenditures By different 
apertures, with the fame preffure, lay* between the ratio of their diameters and that of 
their areas. The fecond, third, and fourth Tables (how the refi^lt of fimilar experiments, 
made with fome variations in the apparatus. It may be inferred, from comparing the 
experiments on a tube with thofe on a Cmple perforation, that the expenditure is increafed> 
as in water, by the application of a fhcgrt pipe. 

• Pbilof. Traniaftionf, 1800, p. 106. 
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.28 
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A U d^.aroa, ii HfnaTe inches, of an aperture nearlf 
circular. B, the preflure in inches. C, the number of 
cubic iiiffhes diC^iurged in one minute. 
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AU numbers tbrottghottt,,thii p^ff. wj&ere the. coil* , 
IX9XJ \w n^t txfx^Sc^ are to bf jinderftood of inchcsy 
Uaear» fquarci or cubic* 



A It tbis are;i of the (b£lion of a tube about two incfaca 
long. B» the prefliire* C, the quantity of air difcharged 
in a minutC} by eftimation. 
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•0064 

.0064 
•0064 
.0064 


1.1$ 

10. 

»3-5 

^3-5 
. . 1 


•a 

•45 
•35 
'7 


46.8 
46.8 
31.2 
46.8 



A is the area of the feftion of a tube. B, its lengthi 
C, the prefTure. D, the difcharge hi a minute. 



A is the area of an oval apenure^ formed by flattening 
a glafs tube at the end : its diameters were .025 and .15 2« 
Bt the preflure. C, the difcharge. 



IL Of the DiriHioH and Velockj of a Stream of Air. ^ 

An apparatus was contrived for meafuring, by means of a water-gage communicating 
with a refenroir of air, the preflure by which a current was forced from the refervoir 
through a cylindrical tube ; and the gage was fo fehfible, that, ^ regular blaft being fup^ 
plied from the lungs, it ihewed the flight variation produced by every puliation of the heait. 
The current of air iflTuing from thqjimi^e was direded downwards, upon a white plate, on 
which a fcale of equal parts was engraved, and which was thinly* covered with a coloured 
liquid ; the breadth of the furface of the plate laid bare, was obferved at diflerent diftances 
from the tube, and with different degrees of prefllure, care being taken that the liquid 
fliould be fo (hallow as to yield to the flighted impreflTion of air. The refults are colled^d 

Vol. V,— May iSoi, L v in 
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in Tables v. and vi. and arc exhibited to the eye in Plate IV. Figs. x-«ll. In order to 
mcafurc with greater certainty and prccifion, the velocity of every part of the current, % 
fecond cavity, fumiihed with a gage, was provided, and pieces perforated with apertures 
of difierent fiees were adapted to its orifice : the axis of the current was dire£ied as ac« 
curately as poffible to the centres of thefe apertures, and the refult of the experiinents» 
with various prcffurcs and diftances, are inferted in Tables vii. viii. and ix. The velo^ 
city ef a ftream being, both according to the commonty received opinion sind to the expe- 
riments already related, nearly in the fubdup1icat€ ratio of the preflure occafionii^g k» it 
was inferred, that an equal prefiure would be required to ftop its progrefs, and that the 
velocity of the current, where it ftruck againft the aperture, muft be in the fubduplicatc 
ratio of the preffure marked by the gage. The ordinates of the curves ia Figs. 13—23, 
were therefore taken reciprocally in the fubduplicatc ratio of the preflure marked by the 
iecond gage to that indicated by the firft, at the various diftances reprefented by the ab« 
fcifles. Each figure reprefents a different degree of preflure in the firft cavity. The curve 
ifeareft the axis, is deduced from obfervations in which the aperture oppofed to the tube 
was not greater than that of the tube itfelf ; and ftiows what would be the diameter of the 
current, if the velocities of every one of its particles in the fame circular fedion, including 
thofe of the contiguous air, which muft have acquired as much motion as the current has 
loft* were equal among themfelves. As the central particles muft be foppofibd to W lefs 
impeded in their motion than the fuperficial j>nes, of courfe, the fm:ttler the aperture op- 
pofpd to the centre of the current, the greater the velocity ought to come out, and the 
ordinate of the curve the fmaller ; but, where the aperture was not greater than that of the 
tube, the difference of the velocities at the fame diftance was fcarcely perceptible. When 
the aperture was larger than that of the tube, if the diftance was very fmall, of courfe, the 
average velocity came out much fmaller than that which was inferred from a fmaller aper- 
ture; but, where the ordinate of the internal curve became nearly equal to this aperture, 
tiiere was but little difference between the velocities indicated with diflfirrrnt apertures. 
Indeed, in fome cafes, a larger aperture feemed to indicate a greater velocity : this mig^t 
have arifen in fome degree from the fmaller aperture not having been eza£Uy in the centre 
of the current ; but there is greater reafon to fuppofe, that it was occafioned by fome re- 
fiftance derired from the air returning between the fides ef the aperture and the current 
entering it. Where this look place, the external curves, which are (o conftruded as thai 
dieir ordinates are reciprocally in the fubduplicate ratio of the preffure obfervcd in the fe- 
cond cavity, with apertures equal in (emidianieter to thor initial ordinate, approach, for » 
ftort diftance, nearer to the axis than the btemal curve : afier this, they comiooe their 
eourfe very near to this curve. Hence it appears, i|bs|t no cbfervaUe part of the motion 
diverged beyotid the limits of the foKd which wo«Id be feraKd by the revohition of the 
internal curve, which is (eldorn incHned to the axis ki vtk angle (b great as ten degrees* A 
^fimUar conclufion may be maide^ from obferving tbe flame of a candle fubjcAed to the ac- 
liim of a Uowpipe : there itiio diverfcscy beyond the nanow liaaia ef the current; tlir 

4 iame^ 



Ef^pmmmfi mii IftfuirUs rej^ing Sound and DgU. 7 j 

flame, on the eontnrjr, is every where forced by the ambient sir towards the eurrent, tv 
fapply the place of that which it has carried away by its fridion. The lateral communi- 
cation of motion, rery ingenioufly and accurately obferved in water by Profeflbr Venturi» is 
eta£kly fimilar to the motion here fbown to take place in air ; and thefe experiments fully 
juftify him in rejeAing the tenacity of water as its caufc : no doubt it arifes from the rela* 
live fituation of the particles of the fluid, in the line of the current, to that of the particles 
in the contiguous ftrata, which is fuch as naturally lead to a communication of amotion 
nearly in a parallel diredion ; and this may properly be termed fri^ion. The lateral pref- 
fare which urges the flame of a candle towards the ftream of air from a blowpipe, is pro- 
bably exafUy fimilar to that preflure which caufes the inflc£tion of a current of air near an 
obftade* Mark the dimple which a flender ftream of air makes on the furface of water . 
bring a conrex body into Conta£): with the fide of the ftream, and the place of the dimple 
will immediately (how that the current is infledied towards the body ; and, if the body be 
at liberty to move in every dirc^on, it wiil.be urged towards the current> in the fame 
nanner at, in Venturi's experiments, a fl«ud was forced up a tube inferred into the fide of 
a pipe through which water was flowing* A fimilar interpofition of an obftacle in the 
courfe of the wind, is probably often the caufe of fmoky chimneys. Otoe circumftance was 
obferved in thefe experiments, which it is extremely difficult to explain, and which yet 
leads to very important confequences : it may be made difttnftly perceptible to the eye,> bjr 
forcing a current of fmoke very gently through a fine tube. When the velocity is as fmall 
as poflible, the ftream proceeds for many inches without any obfervable dilatation ; it them 
immediately diverges at a confiderable angle into a cone, Plate IV. Fig. 24 ; and, at the 
point of divergency, there is an audible and even vifible vibration. The blowpipe alfo 
afibrds a method of obferving this phenomenon : as far as can be judged from the motion 
of the flame, the current feems to make fome thing like a revolution in the furface of the 
conCv but this motion is too rapid to be diftin£Uy difcerned. When the preflure is m^ 
creafcd, the apex of the cone approaches nearer to the orifice of the tube. Figs. 25, 26 s 
but no degree of preflfure feems materially to alter its divergency. The diftance of the apet 
from the orifice, is not proportional to the diameter of the current ; it rather appears to be 
the greater, the fmallcr the current, and is much better defined in a fmall current than in a 
large one. Its diftance in one experiment is expreflTcd in Table x, from obfervations on 
the furface of a liquid \ in other experiments, its refpe£iire diftances were fometimes con* 
fi4erably left with the fame degrees of preflTure. It may be inferred, from the numbers of 
Tables vii^ and v 11 1^ that in feveral inftances' a greater height of the firft gage produced a^ 
lefs height of the fecond : this arofe from the nearer approach of the apex oif the cone to 
the orifice of the tube, the ftream lofing a greater portion of its velocity by this divergence 
than it gained by the increafe of preflure. At firft fight, the form of the current bears 
fome refemblance to the vena contradla of a jet of water : but Venturi has obferved, that in 
water an increafe of preflTurc increafes, inftead of diminifidng, the diftance of the contrafled 
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fcAIon from the orifice. Is it not po(B|i>le> diat the facility with which fome fpiders are 
faijd to projeA their fine threads to a great diftancei may depend upon the fmall degree of 
velocity with which they are thrown out| fo that» like a minute current, meeting with little 
interruption from the "neighbouring airj they eafily continue their courfe for a confiderable 
time ? . 
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The diameter of the tube .07. A is the dif* 
tance'of the liquid from the orifice. B, the 
prefTure. C, the diameter of the furface of the 
liquid difplaced. 
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indicated by the firft gage. T>^ 
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Diametet of the tube .1. A, B^ C, and D, as in Table vii. 
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III. Ocular Evidence eftbe Nature of Smnd. 
A tube about the tenth of an inch iiv diameter, with a lateral orifice half an inch from 
its end, filed rather deeper than the axis of the tube, Rg. 27, was infertcd at the apex oft 
conical ca»ity containing about twenty cubic inches of air, and luted petfcftlyt^: by 
blowing through the tube, a found nearly in unifon with the tenor C was produced. By 
gradually increafing the capacity of the cavity as far as fcreral -gallons, with the fame 
mouth-piccc, the found, although faint, became more and more gbve. till it was no loir- 
ger a mufical note. Even before this period a kind of trembling was diftinguiffiablcj md 
this, as the carity w^s ftill further incrcafed, was changed into a fucceffion of diftina 
puffs, like the found produced by an ciploGon of air horn the lips; as flow, in (bme in.* 
ftances, as 4 or 3 in a fccond. Thcfc were undoubtedly the fingic vibrations, which( 
when repeated wfiih fufficient frequency, imprefs on the auditory nerve the fenfation of a 
continued found. On forcing ^current of fmoke through the tube, the Tibratory motion 
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of the ftream, as it pafled out at the lateral orifice^ was evident to the eye ; although, from 
various drcumftancesi the quantity and dire£lion of its motion could not be fubje£led to 
exzOt menfuration. This fpecies of fonorous cavity feems fufceptible of but few harmonic 
founds. It was obfcrved, that a faint blaft produced a much greater frequency of vibrations 
than that which was appropriate to the cavity : a circumftance Cmilar to this obtains alfo in 
large organ pipes ; but, feveral minute obfervations of this kind, although they might aflift 
in forming a theory of the origin of vibrations, or in confirming fuch a theory drawn from 
other fources, yet, as they are not alone fufficient to ailbrd any gkneral conctufions, are 
omitted at prefent, for the fake of brevity. 

fT^ hi continued.) 



SCIENTIFIC NEJFS, ACCOUNTS OF BOOKS, Se. 

Galvanic Pilt tonftjling vfmu and thtfamt Metal throuf^nut. 



M. 



.R. Humphry Davyv who is at prefent attaclnd to the Royal Inftitution, has difco- 

Tcred, diat the difierence of the metals is not efiential to the tStGt produced in the pile of 

Volta. From his former reafoning on thefe important phenomena, (fee our Journal IV# 

380^ 394} he was led to make trial of powers by which that difierence of oxydation at 

die furfaces, which appears to be efiential to the effed:, and has hitherto arifen from the 

habitudes of the metals t&emfelves» might be'produced with fimilar confequcuces by chaog- 

iag the folveuts. The metals hitherto tried each to form » pile by itfelf, and as far as my 

reodkflioil feives are Giver, copper, zinc, and lead ; and one of the arrangements of the 

chemic^ agents is thus ; a plate of metal, cloth foaked ia diluted nitrous acid, cloth foaked 

in water, cloth foaked in fulphuret of pot*afli \ then another plate of the fame metal, and 

the three cloths as before : in which manner the repetitions may be continued at pteafure. 

If a trough be ufed with cells, and the feparation between the acid and the fulphuret of 

pot-a(h be made by a plate of horn inftead of the cloth imbibed with water, the two fluids 

may be conaefted by a flip of wetted cloth hung over the upper edge of the horn. This 

will complete the communication without occafioning any mixture, becaufe water b ligh^-er 

than either of the other fluids. It is remarkable that the efie£b of this pile are the reverfe 

of what happens when the difference of a£lion depends on the metals % that is to fay, the 

ntrication of hydrogen in the tube of communication, is made from the oppofite wire to 

that from which it would have been made with the common pile. 

Aipong die refle£iions and conclufions to which this valuable experiment muft give rife, 

it is not one of the lead important, that it overthrows the theory of the learned inventor 

^Volta, who confiders- the eurreot of deftricity as being produced by the difierence of con« 

doding power in the difievait metals. And in this obfcure region of refcarch, though we 

are altogether naacqnttnled widi the power by wbidi die eledricity is accumulated, it is 

one ftep towards a true theory to fawt aiibertained> duit one of thof(; alread/ ofllered i^ 

without foundation* 

Pbilofopbical 
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Phihfophica! TranfaBions ef tie lioyal Society of London ^ for the Tear 1800. Part HI. 
^uartOi p. 295, with twelve Plates* London ; fold by Elmfley. Price lys. 6d. 

THIS part contains : — 19. Experiments on the folar, and on the terreftrial rays that 
occafion heat; with a comparative view of the laws to which light and heat, or rather the 
rays which occaGon them, are fubje£i, in order to determine whether they are the (ame or 
different. Part 11. By William Herfchcl, JL L. D. F. R. S. ao. An Account of the Tri- 
gonometrical Survey) carried on in the years 17979 17989 and 1799) by order of the Mar- 
quis ComwalHsi Mafter General of the Ordnance, fiy Captain William Mudgc, of the 
Royal Artillery, F. R. S. Communicated by his Grace die Duke of Richmond, F. R. S. 



Analytical EJfays towards promoting tie Chemical Knowledge of Mineral Suljlances. By Martm 
Henry Klapr<ftb^ Profejfor of Chemiflry^ A/fefor to the Royal College of Phjfidansj Member 
of tin Royal Academy of Sciences at Berlin^ and various other learned Societies • Tranjlated 
from the German, i vol. 8vo. p. 592. London. Sold by Cadell and Davies. 

IT is altogether unneceflary to apprife the fcientific world of the value of the analyfesof 
this great improver of chemical fcience. I (hall therefore cmly inform the reader in thi$ 
placC) that we are indebted for the prefent accurate and only tranflatioa to the learned editor 
of Gren's Chemiftry, Dr. Gruber, who promifes in his preface to give aa immediate 
Englifh edition of the next collc&ion which Klaproth (hall publiih, and of which be has 
given hopes to the editor. 



An Epitome ofChemifiry in three Parts. Part I. intended to facilitate to the Student the Ac^ 
quifition of Chemical Knowledge^ by minute InflruBions for the performance ^ Experiments. 
Part IL DireBionsfor the Analyfts of Mineral Waters ; of Earths and Stones \ of Ores cf 
Metals : and of Mineral Bodies in general ; and Part IIL InftruBions for applying Chemical 
FaBs and reagents to various ufefiil Purpofes. By William Henry* Duodecimo, ti6 
Pages. Printed for Johnfon. 

THE title of this work is fufficiently copious to exhibit its objeds and plan. The 
praftical, as well as fcientific knowledge of the author, have enabled him to produce a ma- 
nual which I doubt not will be received with avidity by the public. I will not incur the 
imputation of vanity by aflfuming the office of an approver, where the author's powers \xt 
(o well known: but I think I (hall not deviate from the line of my duty in obferving that^ 
as far as my observation extends, he has, on the prefent occafion,^ exercifed thofe powers 
with the diligence and attention which are peculiarly demanded in a manual of fcience. 

EleBric 
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« 

Ele^rlc Shod by means of Galvantfm. 

IN anfwer to a letter on the fubje£t of the note at page 44, Mr. Cruickihank has 
favoured me with an account of the experiment in which the common ele£tric jar was 
charged by Galvanifm, fo as to give a perceptible (hock : a fa£i; on the poflibility of which 
all doubt has, with refpe£k to myfelf, be«n removed by my fird experiments with ta1c» 
with Oiks and with commpa air ; a plate of whichi over the condenfer of Volta, maybe 
fo charged with Qalvanifm^ fl^om a weak poweri as to exhibit every eledric intenfity that 
Bennet's ele£lro)xietcr is capable of, merely by varying the thiicknefs of the ftratum of air, 

^j[r. Cruickftuink made his experiment as follows : A coated jar, whofe inGde and outfide 
coatings were moiftened, was placed upon one of the extremities of the pile, and a wire 
connected with the inlide coating, was then made to touch the other extremity. After 
this procefs the jar was taken in the hand which was wet, and the wire brought to touch 
the tongue. In this! cafe, when the machine was very powerful, and gave ftiong fparks, 
he was feveral times, confident that he received a flight (hock in the tongue, but this did 
not always fuccecd> nor could he account for its failure. In truth, the reafoning on thefe 
Fafts by appncatioin^'of what we know of the laws of common clcftricity, is fufficiently 
obvious ; biit till we are' better acquainted with the laws of eleAric condenfation in the pile, 
Vft mufi: exped anomalies tending to embarrafs our procefles of dedu£iion. I have met 
%vlth feveral ; of wUch like MrJ Cruickfhank, in the prefent inftance, I have deferred the 
publication till time ihoiild admit of repeating them with fuch variations as the fads them- 
Telvcs have fuggefted. * ^ 

From the fame private communication I copy the following curious extrad : — ** I ftiU 
*^ ttfe the new apparatus or troughs, which was defcribed in your Journal, and have never 
^^ once had occafion to remove the pieces. Indeed, when freOi filled with a folution of 
<' common fait, to which a little muriatic acid is added, it is quite as powerful as when 
.** firft conftru£led. I prefer the muriatic acid to the nitrous, as its efFe£ts are much 
^^ more permanent, and it does not in any fenfible degree a£t on the filver. The (hocks 
** given by the troughs are exaftly fimilai to thofe of common eleftricity, and have none 
•* of that grating or tearing fenfation fo remarkable in thofe from the pile. From two 
** troughs, containing in all 120 pair of pieces, a fpark of confidcrable fize may be taken, 
*' and the report or fnap may be heard in an adjoining room. The fpark may likewife 
*' be taken from water, or from a conductor at a diftance, which I never could do with any 
** pile. If a point be prefented to the water, a curious hiflxng is perceived, and a portion 
*' of the fluid is inftantly converted into gas and vapour: I have fometimes diflipated a 
^ whole drop in this way. I have likewife feen a very (Irqpg fpark run along a plate of 
*' zinc, to get to water in a manner which I cannot yet explain : this is frequently ac- 
^ companied with a hifling noife. In (hort, I have obferved a number' of curious fadts 
^ with this apparatus, which had efcaped notice, when I emplpyed the piles only.'' 
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{Continued fnm page 78.) 
IV, Of the Velocity of Sound. ' 

JLT has been demonftrated, by M. de la Grange and otherSf that any imprefllon whatever 
communicated to one particle of an elaftic fluidj will be tranfmitted through that fluid 
with an uniform velocity, depending on the conftitution of the fluidt without reference to 
any fuppofed laws of the continuation of that impreffion. Their theorem for afcertaining 
this velocity is the fame as Newton has deduced from the hypotheCs of a particular law of 
continuation : but it muft be confeiTed, that the refult difiers fomewhat too widely from 
experiment, to give us full confidence in the perfection of the theory. Corre£ted by the 
experiments of various obfervers, the velocity of any imprefllon traufmitted by the coovi 
mon air, may, at an average, be reckoned z 130 feet in a fccond* 
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V. Offonorous Cavities. 

M. de la Grange has alfe demonftratedy that all impreilions are refleAed by an obftacle 
terminating an elaftic fluid, with the fame velocity with which they arrived at that obftacle. 
When the walls of a paflTage, or of an unfurniOied room, are fmooth and perfe£tly parallel^ 
any expIoGon, or a ftamping with the foot, communicates an imprefiion to the air, which 
is refleif^ed from one wall to the other, and from the (econd again towards the ear, nearly 
in the fame dire£tion with the primitive impulfe : this takes place as frequently in a fecond* 
as double the breadth of the paflage is contained in 1130 feet; and the ear receives » 
perception of a mufical found, thus determined in its pitch by the breadth of the paflage. 
On making the experiment, the refult will be found accurately to agree with this exf» 
planatton. If the found is predetermined, and the frequency of vibrations fuch as that 
each pulfe, when doubly reflected, may coincide with the fubfequent pulfe proceeding 
dire£lly from the founding body, the intenfity of the found will be much increafed by the 
refiedlion; and alfo, in a lefs degree, if the reflefled pulfe coincides with the next but 
one, the next but two, or more, of the AxttGt pulfes. The appropriate notes of a room 
may. readily be difcovered by (inging the fcale in it ; and they will be found to depend out 
the proportion of its length or breadth to 1 130 feet. The found of the ftopped diapafon 
pipes of an organ is produced in a manner fomewhat fimilar to the note from an explofion in 
a paflage ; and that of its reed pipes to the refonance of the voice in a room : the length of 
the pipe in one cafe determining the found, in the other, increafing its ftrength. The 
frequency of the vibrations does not at all imtnediately depend on the diameter of the 
pipe. It muft be confefled, that much remains to be done in explaining the precife 
manner in which the vibration of the air in an organ pipe is generated. M. Daniel 
Bernouilli has folved feveral difficult problems relating to the fubjeA; yet fome of hia. 
iflumptions are not only gratuitauSt but contrary to matter of fa£^. 

VI. Of the Divergence of Sound* 

h, has been generally afl^rted, chiefly on the authority of Newton, that if any found b* 
admitted through an aperture into a chamber, it will diverge from that aperture equally ia. 
all diredions. The chief arguments in favour of this opinion are deduced from conGder^ 
ing the phaenomena of the preflTure of fluids,, and the motion of waves excited in a pool of 
water. But the inference feems to be too haftily drawn : there is a very material difllerencc 
between impulfe and preflTure ; and. In the cafe of waves of water, the moving force at 
each point is the power of gravity, which, a£ling primarily in a perpendicular dire£iion^ 
is only fecondarily converted into a horizontal force, in the direftion of the progrefs ofthc. 
wavesy being at each ftcp difpofed to fpread equally In every direction : but the impulfe 
tranfmitted by an elaftic fluid, afis primarily in the dire£lion of its progrefs. It Is well . 
koo#ii|^. that if a.perfon calls to another with a fpeaking trumpet) he points it towards the 

place 
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place where his hearer (lands : and I am aflured by a very refpedable Member of the 
Royal Society, that the report of a cannon appears many times louder to a perfon towards 
whom it is fired| than to one placed in a contrary direAion. It muft have occurred to 
every one's obfervation, that a found fuch as that of a mill, or a fall of water, has ap- 
peared much louder after turning a comer, when the houfe ^or other obftacle no longer 
intervened ; and it has been already remarked by Euler, on this head, that we are not 
acquainted with any fubftance perfedily impervious to found* Indeed, as M. Lambert has 
very truly aflerted, the whole theory of the fpeaking trumpet, fupported as it is by prac- 
tical experience, would fall to the ground, if it were demon ftrable that found fpreads 
equally in every dire^iion. In windy weather it may often be obferved, that the found 
of a diftant bell varies almoft inftantaneoufly in its (Irength, fo as to appear at leaft twice 
as remote at one time as at another ; an obfervation which has alfo occurred to another 
gentleman, who is uncommonly accurate in examining the phsenomena of nature. Now^ 
if found diverged equally in all diredibns, the variation produced by the wind could never 
exceed one-tenth of the apparent diftance : but, on the fuppoCtion of a motion nearly 
re£lillinear, it may eafily happen that a flight change in the dire&ion of the wind, may 
convey the found, either dire&Iy or after refiedlion, in very different degrees of ftrengtby 
to the fame fpot. From the experiments on the motion of a current of air^ already 
related, it would be expelled that a found, admitted at a confiderable diftance from its 
origin through an aperture, would proceed, with an almoft imperceptible increafe of 
divergence, in the fame dire£lion ; for, the aAual velocity of the particles of air, in the 
ftrongeft found, is incomparably lefs than that of the floweft of the currents in the ex- 
periments related, where the beginning of the conical divergence took place at the greateft 
diftance. Dr. Matthew Toung has objected, not without reaibn, to M. Hube, that the 
exiftence of a condenfation will caufe a divergence irfibund : but a much greater degree of 
condenfation muft have exifted in the currents defcribed than in any found. There is 
indeed one difierence between a ftream of air and a found ; that, in found, the motfont a( 
different particles of air are not fynchronous: but it is not demonftrable that this circum- 
ftance would zScdi the divergency of the motion, except at the inftant of its commence- 
menty and perhaps not even then in a material degree $ for, in general, the motion is 
communicated with a very gradual increafe of intenfity. The fubje£l, however, deferves a 
more particular inveftigation ; and, in order to obtain a more folid foundation for the 
argument, it is propofed, as foon as circumftancea permit, to inftitute a courfe of experi- 
ments for afcertaining, as accurately as poflible, the different ftrength of a found once 
proje£led in a given dircAion, at different diftances from the axis of its motion. 

VII. Of the Decay of Sound. 

Various opinions have been entertained refpeAing the decay of (bund. M. de la Grange 
has pobliflied a talculation, by which its force is (hown to decay nearly in the fimple ratio of 
the diftances % and M. Daniel Bemouilli's equations for the founds of conical pipes lead to 
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a (imilar coneluCon. The fame inference would follow from a completion of the reafiming 
of Dr. Helfliami Dn Matthew Young, and Profeflbr Venturi. It has beenvery elegantly 
xdemonftrated by Maclaurfn, and may alfo be prored in a much more (imple manner, that 
vrhen motion is communicated through a feries of eladic bodies increafiog in magnitude, 
if the number of bodies be fuppofed infinitely great, and their difierence infinitely fmall, 
ithe motion of the laifwill be to that of the firft in the fubduplicate ratio of their refpe£^ive 
magnitudes ; and, fince in the cafe of concentric fpherical laminx of air, the bulk increafes 
in^ the duplicate latio of the diftance, the motion will in this cafe be direAly, .and the 
velocity inyerfely, as the diftance. But, however true this may be of the firft tmpulfe, it 
will appear, by purfuing the calculation a little further, that every one of the elaftic bodies, 
-except the laft, receives an impulfe in a retrogade diredlion, which ultimately impedes the 
tSt€t of the fucceeding impulfe, as much as a fimiiar caufe promoted that of the preceding 
one : and thuS) as found muft be conceived to confift of an infinite number gf impulfest 
the motion of the laft lamina will be precisely equal to that of the firft ; .and, as far.as>this 
;fnode of reafoning goes, found muft decay in the duplicate ratio of 'the diftance. Hence 
it appears, that the propofal for adopting thejogarithiiiic curve for the form of the Speaking 
, trumpet, was founded on fallacious reafoning. . Thie calculation of M. de la.Grange islefc 
ifor'future examination ; and it is intended, in the mean time, to attemptito afcertain the 
decay of found as nearly as poiBble by experiment : ihould the refult favour the conclufions 
from that calculation, it would eftablifli a marked diffiirence between the prbpaga^on of 
found and of light. 

VIII. Of tie harmonic Sounds of I^ipes. . 

In-order to afcertain the velocity with which organ pipes of different lei^tbs require to 
be fupplied with air, according to the various appropriate founds which they :produce9 a fet 
of experiments was made^ with-the fame mouth-piece, on pipes of theiamebbre, and of 
different lengths, both ftopped and open. The general refult was, that a fimiiar blaft pro* 
duced as nearly the fame found at the rlength of the pipes would perinit ; or at leaft that 
the exceptions, though very numerous. Jay equally on each fide of this conclufion. The 
particular refults are exprefled in Table xi. and in Plate Y* Fig. 28* They explain how a 
•note may be made much louder on a wind inftrumentiby a fwell, than it can poflibly be by 
a fudden impreffion of the blaft. It is propofed, at a future time, to afcertain by experi* 
ment, the a&ual compreffion of the air within the pipe under different circumftances : 
from fome very flight tdals^ it feemed to be nearly in the ratio of the frequency of 
tions of each harmonic. 
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. hy is the length of the pipe from the lateral orifice to the end. C, the preflure at ' 
pnrhich the found began. B, its terminationi by leflening the preflure; D, by increafing 
it*' E> the .note anfwering to the firil found of each pipe) according to the Germaa 
method of notation. ,Fj the number (howing the place of each note in the regular ieries 
of harmonics. The diameter of the pipe was |g5; the air du£l of the mouth-piece 
meafureds where fmalleft, .25 by .035 \ the lateral orifice .25 by .125. The apparatus was 
not calculated to apply a preflure of above %% inches. Where no number (lands under Q 
a fuddeo blaH was required to produce the note. 

IX- Of the Vibrations of different elafiic Fluids. 

AU th^ methods of finding the velocity of found, agree in determining it to be, in 
fluids of a given elafticity) reciprocally in the fubduplicate ratio of the denfitj : henccj in 

pure hydrogen gas it ftould be v^ 1311:3.6 times as great as in common air; and the pitch 
of. a pipe (hould bea minor iDurtecnth bigl^r in this fluid thao in the common air. It it 

therefore- 
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therefore probable that the hydrogen gas ufed in Profcflbr Chladni's late experiments, was 
not quite pure* It mud be obferved, that in an accurate experiment of this nature, the 
prefiure caufing the blaft oi]lght to be carefully afcertained. There can be no doubt but 
thatj in the obfervations of the French Academicians on the velocity of found, which 
appear to have been condufled with all poiBble attention, the dampnefs and coldnefs of the 
night air muft have conGderably increafed its denfity.: hence, the velocity was found to be 
only 1 109 feet in a fecond \ while Derham*s experiment^* which have an equal appearance 
of accuracy, make it amount to 1142* Perhaps the average may, as has been already 
mentioned, be fafely eftimated at 1130. It may here be remarked, that the well known 
elevation of the pitch of wind inftrumencs, in the courfe of playing, fometimes amounting 
to half a note, is not, as is commonly fuppofed, owing to any expanfion of the inftrument, 
for this (hould produce a Contrary effe A, but to the increafed warmth of the air in the tube* 
Dn Smith has made a fimilar obfervation, on the pitch of an organ in fummer and winter^ 
which he found to differ more than twice as much as the Englifli and French experiments 
on the velocity of found. Bianconi found the velocity of found, at Bologna, to differ 
at difierent times, in the ratio of 152 to 157. 

X» Of the Analogy between Light and Sound. 

Ever fince the publication of Sir Ifaac Newton's incomparable writings, his doflrines of 
the eovanation of particles of light from lucid fabftances, and of the formal pre-exiftence 
of coloured rays in white light, have been almoft univerfally admitted in this country^ 
and but little oppofed in others. Leonard Euler indeed, in feveral of his works, has 
advanced fome powerful objeAions a^inft them, but not <fufEciently powerful to juftify 
the dogmatical reprobation with which he treats them ; and he has left that fyftem of an 
ethereal vibration, which after Huygeds and fome others he adopted, equally liable to be 
attacked on many weak fides. Without pretending to decide pofitively on the controverfy, 
it is conceived that fome confiderations may be brought forwardsi which may tend to 
diminifli the weight of objeAions to a theory ^milar to the Haygenian. There are alfo 
t)ne or two difficulties in the Newtonian fyftem, which have been little obfenred. The 
firft is, the uniform velocity with which light is fuppofed to be proje£ted from all luminous 
bodies, in confequence of heat, or otherwHe. How happens it that, whether the pro- 
jefting force is the flighteft tranfmiffion of eledricity, the fri&ion of two pebbles, the 
loweft degree of vifible* ignition, the white heat of a wind furnace, or the intenfe heat of 
the fun itfelf, thefe wonderful corpiifcles are always propelled with one uniform velocity ? 
For, if they differed in velocity, that difference ought to produce a different refradiion. 
But a ftill more infuperible difficulty feems to occur, in the partial reflexion from every 
refraAing furface. Why, of the fame kind of rays, in every circumftance precifely 
fimilar, fome (hould be always refiefted, and others tranfmitted, appears in this fyftem to 
be wholly inexplicable* That a medium refembKng, in many properties^ that which hat 
Jieen denominated ether, does really exift, is undeniably proved by the phssnomena of 

4 eleAricity^ 
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etedricityi and the arguments againft the exiftence of fuch an ether throughout the 
univerfe, have been pretty fufficiently anfwered by Euier. The rapid tranfmiflion of the 
eleArical (hock, (hows that the eleAric medium is poflefled of an elafticity as great as it 
neceflary to be fuppofed for the propagation of light. Whether the eleftric ether ia to be 
confidered as the fame with the luminous ether9 if fuch a fluid exi(ls9 may perhaps at fome 
future tirtie be difcovered by experiment \ hitherto I have not been able to obferve that the 
refraAive power of a fluid undergoes any change by electricity. The uniformity of the 
motion of light in the fame medium, which is a difficulty in the Newtonian theory^ 
favours the admiifion of the Huygenian; as all impreflions are known to be tranfmitted 
through an elaftic fluid with the fame velocity. It has been already (hown, that founds in 
all probability, has very little tendency to diverge : in a medium fo highly elaftic as the 
luminous ether muft be fuppofed to be, the tendency to diverge may be confidered as in« 
finitely fmall, and the grand objcf£tion to the fyftem of vibration will be removed. It is 
not abfolutely certain, that the white line vifible in all dircAions on the edge of a knife, 
in the experiments of Newton and of Mr. Jordan, was not partly occafioned by the ten- 
dency of light to diverge. Euler's hypothefis, of the tranfmiffion of light by an agitatioa 
of the particles of the refrading media themfelves, is liable to ftrong objections ; accord- 
ing to this fuppofition, the refra£tion of the rays of light, on entering the atmofphere froov 
the pure ether which he defcribes, ought to be a million times greater than it is.. For ex* 
plaining the phaenomena of partial and total refledion,.refra6lion,. and inflection^ nothing, 
more is necefllary than to fuppofe all refraCting media to retain, by their attraction, a. 
greater or lefe quantity of the luminous ether, . fo as to make its denfity greater than that 
which it poflfeflfes in a vacuum^ without increafihg its elafticitf^.and that.light is apropa^ 
gation of an impulfe communicated to this ether by luminous bodies : whether this im- 
pulfe is produced by a partial emanation of the ether, or by vibrations of the particles of 
the body, and whether thefe vi:>rations are, as Euler fuppofed, of various and irregular 
magnitudes, or whether they are uniform, and comparatively large, remains to be heren- 
after determined. Now, as the direction of an impulfe tranfmitted through a fluid,, 
depends on that of the particles in fynchronous motion, to which it is always perpen* 
dicular, whatever alters the direction of the pulfe, will infleCt the ray of light. If a. 
finaller elaftic body ftrike againft a larger one, it is well known that the fmaller is refleAed. 
more or lets powerfully, according to the diflference of their magnitudes: thus, there is 
always a reflection when the rays of light pafs from a rarer to a denfer ftratum of ether | 
and frequently an echo when a found ftrikes againft a cloud. A greater body ftriking a 
fioudier one, propels it, without lofing all its- motion :. thus,, the particles of a denfer. 
ftratum of ether, do not impart the whole of their motion to a rarer, but, in their eflFort to • 
proceed, they are recalled by the attraAion of the refrading fubftance with eqi^al forces, 
and thus a reflection is always fecondarily produced, when the rays of light pafs from a.; 
denfer to a rarer ftratum. Let AB, Plate V« Fig. 29, be a ray of light falling. .on .the- 
fcflcCting furfacc FG} ^ i/ the dircClion of tbo. vibration, pulfe, imprelfion,. or conden- 
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fation. When d comes to H, the impreffion will be, either wholly or partly^ rcffieAed 
with the fame vdocity as. it arrived^ aiid £H will be equal to DH ; the angle EIH to DIH 
or CIF ; iind the an j[le of refleflion to that of incidence. . Let-FG| Fig* 30, . be a refra£ling 
furface. The portion of the pulfe IE, which is travelling through the refra£ting mediumy 
wi^ move with a greater or lefs velocity in the fobduplicate ratio of the denfities, and H£ 
will be to KI in that.ratio. But HE is, to the radius IH> the fine of the angle of refrac- 
tion ; and KI that of the angle of incidence. This explanation of refra&ion is nearly the 
iame as that of £uler» The .total refle£lion of a ray of light by a refracting furfacCi ia 
explicable in the fame manner aS;it8 fimple re(ra£Uon; HE, Fig. 31, .being fo much 
. linger than KI| that the ray firft becomes parallel to FG, and then, having, to return 
through an equal diverfif y of media, is refledled in an equal angle* When a ray of light 
• pafles near an infle&ing body, furrounded, as all bodies are fuppofed.to.be, with an 
atmofphere of ether denfer than* the ether of the ambi^t air, the part of the ray nearefl: 
. the body is retarded, and of courfe the whole ray infle£):ed towards the body, Fig. 32. 
The repulfion of infle£led rays has been very ably controverted by Mr. Jordan, the in- 
genious author of a late publication . on the Infle£lion of Light. It has already been con* 
jcf£lured by Euler, that the colours of light confift in the diiFerent frequency of the vibrations 
of the luminous ether : it does not appear- that he has fupported.this opinion by any argu- 
ment ; but it is'ftrongly confirmed, by the analogy between the- colours of a thin pkte and 
tlfe founds of n feries of organ pipes« The phsenomena of the coburs of thin plates require, 
;in the Newtonian' fyftem, a very complicated fuppoGtion, of an ether, anticipating . by it* 
motion the velocity of the corpufcles of light,. and thusproduciog the fits of tranfmiffion 
and refle£lion; and even: this fuppofitbn does not much afiift the explanation. It appeansr 
from the accurate analyfis of the phgenomena which Newton has given, and which has by; 
no means been fuperfeded by any later obfcrvations, that .the fame colour recurs whenever 
the thicknefs anfwers to the terms of an arithmetical progreiEon. Now this Js.prcoifely 
ilmilar.to the production of the fame found, by means of an uniform bhfty from organ-^ 
pipes which are diflerent multiples of the fame length. .Suppofing white li^t to be a cott« 
tinned impulfe or dream of luminous ether, it may be conceived tozfk oa the plates as« 
Uaft of air ddes on the organ^^pipesy and to produce vibrations r^ubted in, frequency bf 
•the length of the lines which are terminated by the two refra£bixig. furfaees. It m»f be 
objeAed that, to complete the analogy, there (hould be tubes, to anfwer to the orgas* 
pipes.: but the tube of an organ-pipe is only neceflary to prevent the divergence of the im««' 
preflion, and in light there is little or no tendency to diverge; and indeed, in the cafe of a 
refonant paflage, the air is not prevented from becoming fonorous by the liberty of lateral 
motion. It would feem, that the determination of a portion of the track of a ray of light 
through any homogeneous ftratum of ether^ is fufficient to eftablifh a length, as a bafis fov 
colorific vibrations. In infleffcions, the length of the track of a ray of light through the 
infle£ling atmofphere mzj determine its vibrations : but, in this cafe, as it js ppobtfble'tlm 
there is a reflexion from every part of the furface of the furroanding atmofphere, con» 
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tributing to the appearance of the white line in erery dire£);ion, in the experiments already 
mentioned^ fo it is pofldble that there may be fome fecond reflef^Fon at the immediate 
furface of the body itfelf/and that, by mutual refleftions between thefe two furfaces, 
fomething like the anguiform motion fufpeCled by Newton may really take place ; and 
then the analogy to the colours of thin plates will be dill ftronger. A mixture of 
vibrations, of all podible frequencies, may eafily deftroy the peculiar nature of each, and 
concur in a general efFe^ of white light. The greateft difficulty in this fyftem is, to ex- 
plain the different degree of refra£lion of differently coloured light, and the feparation of 
white light in refra£lion : yet, confidering how imperfefl the theory of elaftic fluids ftltl 
remains, it cannot be expeAed that every circumftance (hould at once be clearly elucidated. 
It may hereafter be confidered how far the excellent experiments of Count Rumford^ 
which tend very greatly to weaken the evidence of the modern doArine of heat, may be 
more or lefs favourable to one or the other fyftem of light and colours. It does not ap- 
pear that any comparative experiments have been made on the infle^^ion of light by 
fubftances poflefled of different refra£live powers ; undoubtedly fome very interefting con- 
clufions might be expe£ted from the inquiry. 

XI. Of the Coalefcence of Muftcal Sounds, 

It is furprifmg that fo great a mathematician as Dr. Smith could have entertained for 
a moment, an idea that the vibrations conftituting different founds fhould be able to crofs 
each other in all diredions, without affe£ling the fame individual particles of air by their 
joint forces : undoubtedly they crofs, without difturbing each other's progrefs ; but this 
can be no otherwife effedled than by each particle partaking of both motions. If this 
aflertion ftood in need of any proof, it might be amply fumiflied by the phenomena of 
beats, and of the grave harmonics obfcrved by Romieu and Tartini ; which M. de la 
Grange has already confidered in the fame point of view. In the firft place, to fimplify 
the ftatement, let us fuppofe, what probably never precifely happens, that the particles of 
air, in tranfmittiiig the pulfes, proceed and return with uniform motions \ and, in order 
to reprefent their pofition to the eye, let the uniform progrefs of time be reprefented by 
the increafe of the abfcifs, and the diftance of the particle from its original pofition, by the 
ordinate, Fig. 33 — 38. Then, by fuppofing any two or more vibrations in the fame 
direAion to be combined, the joint motion will be reprefented by the fum or difference of the 
ordinates. When two founds are of equal ftrength, and nearly of the fame pitch, as in 
Fig. 36, fhe joint vibration is alternately very weak and very ftrong, producing the efieA 
denominated a beat, Plate VI. Fig. 43, B and C : which is flower and more marked, as 
the founds approach nearer to each other in frequency of vibrations ; and, of thefe beats 
there may happen to be feveral orders, according to the periodical approximations of the 
Bombers expreflling the proportions of the vibrations. The ftrength of the joint found It 
double that of the fimple found only at the middle of the beat, but not throughout its 
duration \ and it may be inferred, that the ftrength of found in a concert will not be in 
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txzOi proportion to the number of Inftruments compofing it. Could any method be 
devifed for afcertaining this by experiment} it would aflifl in the comparifon of found 
with light. In Plate V. Fig. 33t let P ar.d (^be the middle points of the progrefs or 
regrefs of a particle in two fucceiTive compound vibrations ; then, CP being =: PD, 
KR zz RN, GQjz: QH, and MS =: SO, twice their diftance, 2 RS iz 2 RN + 2 NM + 
a MS zr KN + NM + NM + MO zi KM + NO, is equal to the fum of the diftances of 
the coftefponding parts of the fimple vibrations. For inftance,.if the two founds be as 
80 '• 81, the joint vibration will be as 80.5 ; the arithmetical mean between the periods of 
the iingle vibrations. The greater the difference in the pitch of two founds, the more 
rapid the beats, till at lad, like the di(lin£t puffs of air in the experiments already related, 
they communicate the idea of a continued found ; and this is the fundamental harmonic 
defcribed by Tartini. For inftance, in Plate V. Fig. 34 — 37, the vibrations of founds 
related as x : 2, 4 : 5, 9 : 10, and 5 : 8, are reprefented; where the beats, if the founds 
be not taken too grave, conditute a diftinfl found, which correfponds with the time 
dapfing between two fuccefTive coincidences, or near approaches to coincidence : for, that 
fuch a tempered interval ftill produces a harmonic, appears from Plate V. Fig. 38. But, 
befides this piimary harmonic, a fecondary note is fometimes heard, where the intermediate 
compound vibrations occur at a certain interval, though interruptedly; for inftance, in the 
coalefcence of two founds related to each other as 7 : 8, 5:7, or 4 : 5, there is a re- 
currence of a fimilar ftate of the joint motion, nearly at the interval of -j^^ t^, or | of the 
whole period : hence, in the concord of a major third, th*^ fourth below the key note is 
heard as di(lin£tly as the double o£lave, as is feen in fome degree in Plate V. Fig. 35 ; 
AB being nearly two-thirds of CD. The fame found is fometimes produced by taking the 
minor fixth below the key note; probably becaufe this fixth, like every other note, is 
almoft always attended by an odave, as a harmonic. If the angles of all the figures 
refulting from the motion thus afiumed be rounded off*, they will approach more nearly 
to a reprefentation of the a£^ual cifcumftances ; .but, as the laws by which -the motion of 
the particles of air is regulated, differ according to the different origin and nature of th^ 
found, it is impofiible to adapt a demonftration to them all : if, however, the particles be 
(iippofed to follow the law of the harmonic curve, derived from uniform circular motion, 
the compound vibration will be the harmonic inftead of the arithmetical mean ; and 
the fecondary found of the interrupted vibrations will be more accurately formed, and 
more ftrongly marked, Plate VI. Figs. 41, 42: the demonftration is deducible from the 
properties of the circle* It is remarkable, that the law by which the motion of the particles 
b governed, is capable of fome fingular alterations by a combination of vibrations. By 
adding to a given found other (imilar founds, related to it in frequency as the feries of odd 
numbers, and in ftrenglh inverfely in the fame ratios, the right lines indicating an uniform 
motion may be converted very nearly into figures of finesi and the figures of fines into 
light lines> as in Plate V.. Figs. 39, 40. 

VIL Of 



On the Identify of tie Pyro-mucouff Pyro^fartareoujy and Pyro*lignecui jfcids, tsfc» 91 

XII. Of the Frequency of Fibrations conjlituting a given Note. 

The number of Tibrations performed by a giren found in a fecond, has been variouflf 
afcertained ; firil, by Sauveur, by a very ingenious inference from the beats of two 
founds ; and fincey by the fame obferver and feveral others> by calculation from the 
weight and tenfion of a chord. It was thought worth while, as a confirmationi to make 
an experiment fugge(led> but coarfely condufled, by Merfennus, on a chord 200 inches in 
length, (Iretched fo loofely as to have its Tingle vibrations vifible ; and, by holding a quill 
nearly in contaA with the chord, they were made audible, and were found, in one ex- 
periment, to recur 8.3 times in a fecond. By lightly ptcfling the chord at one-eighth of 
its length from the end,^ and at other (horter aliquot didances, the fundamental note was 
found to be one-fixth of a tone higher than the refpeftive o£);ave of a tuning-fork marked 
C : hence, the fork was a comma and a half above the pitch aflumed by Sauveur, of aa 
imaginary C, confiding of one vibration ih a fecond. 

(To be concluded in our next.) 



II. 

On the Identity of the Pyro^mucous^ Pyro^tartareous^ and Pyro-ligneous Acidsy voith the Acetous 

Acid. By Citizens FouRCROY and Vauq^ueiin^. 

jL he re-union of fpecies which have been erroneoufly confidered as different, is in many 
inftances of greater advantage to the fcience of faAsy than the difcovery of new fpecies. 
Jt b towards this degree of perfection that the efibrts of chemifts and naturalifts arc at 
prcfent directed. 

Three acids have been didinguifhed by difierent appellations, in which the common pro- 
perty of being produced by the a£lion of fire, and of acquiring feveral common charaAert 
from that agent, is well known \ but it was never imagined that they are not only identi- 
cally the fame, but Hkewife analogous in their nature to the acid of vinegar, denominated 
acetous acid. Citizens Fourcroy and Vauquelin, in their endeavours to difcover certain 
characters by which the pyro-mucous, pyro-tartareous, and pyro-ligneous acids might be 
didinguifhed, were unable to difcover any. By comparing thofe which have hitherto 
been pointed out as the didin£tive characters, it may be {hewn, as they have done^ 
that they are founded merely on flight differences of iinell and colour ; and are con- 
feqoently delnfive. 

* Bulletin de la Soc. Philom.— N. 

N 2 Some 



j>2 Ofi the Identity of the Pjro^mueout^ Pyro^ariareousy and Pyn -ligneous Acids i Qc. 

Some fa£ls obferved In the analyfea of vegetablesi led our chemifts to fufpeA that thefe 
acids, which were proved to be the famei might not differ from the acetous acid» except 
by foreign additions. They made experiments with a view to con6rm their fufpicions. 
By the didillation of fugar, ftarch, gum, &c. they obtained the pyro-mucous acid -, by 
that of tartar, the pyro-tartareous acid \ and by that of wood, the pyro-ligneou8 acid. 
They combined thefe acids with an alkaline bafis \ from which, having feparated them by 
the fulphurlc acid, they obtained by this means, in fome inftances, with filtration through 
charco'd] powder, an acid and limpid liquor, deprived of the empyreumatic oil, which 
rendered it impure^ and prevented it from being diftinguifhed as the true acetous acid. 
This liquor then pofTeircd the fmell, tafle, and all the other chara£lers ; and, with the 
alkaline bafes, formed perfe£t acetites. 

It was necefiary to attempt to form the empyreumatic acids again by the acetous acid, 
by imparting to the latter the empyreumatic ori and empyreumatic fmell, of which it had 
been deprived by the preceding experiments. The following is the procefs employed by 
Citizens Fourcroy and Vauquelin :— They diftilled a portion of acetous acid over the 
empyreumatic oils of mucilage, tartar, and wood ; and thus formed pyro-mucous, pyro« 
tartareous, and pyro-ligneous acids. To form thefe acids again inftantaneoufly, it was 
only requifite to add a few drops of thofe empyreumatic oils to fome acetous acid. 

To thefe fa£ts, which are fufliciently interefting in themfelves, the difcoverers have 
fubjoined reflexions no lefs important, relative to the frequent produ£tion of the acetous 
acid under very different circumftances. 

The acetous acid is not therefore a neceffary product of the vinous fermentation. la 
addition to the fa£ls above related, which confirm the produ£lion of this acid without any 
fermentation, it may be obferved, that many fubftances, of a nature very different from 
wine, contain acetites; fuch are the fap of vegetables kept only a few hours, foils, heated 
tan, the four water of the (larch matter, four pulfe, and four fruit, expofed for fome hours 
to a hot air. Milk, animal jellies, and that part of urine called uree^ when they become 
four, likewife afford a great quantity of this acid. 

Citizens Fourcroy and Vauquelin have difcovcred four very diffinft circumftances under 
which the acetous acid is produced, each of which is charaAerifed by fome particulars 
relative to the phenomena of its production. 

The firft mode of acetification is the decompofing a£lion of fire : in this cafe water is 
difcngaged with carbonic acid formed from the difengaged carbon ; and the acetous acid 
thus obtained is diftinguifhed by its colour and empyreumatic odour. 

The fecond method confifts in the application of the powerful acids, fuch as the ful- 
phuric, nitric, and the oxigenated muriatic acids upon vegetable compounds, fuch as 
fiigar, jelly,. &c. ;. alcohol and the vegetable acids themfelves, except the acetous acid, 
are entirely decompofed by thefe acids. Some water and carbonic acid are alfo produced, 
and the acetous acid thus obtaiopd contaios oxalic acid, n^Uc acid, and much water. 

The 



Oh the SiruSufe and lifts of the Mtmhrana Tynipanu 93 

The third ftnd mod general method is the fermentation of wine. In this procefs neither 
water nor carbonic acid is produced ; but an abforption of oxygen takes place : this acetous 
acid contains tartar, alcohol, and colouring matter. 

The fourth mode, which is nearly fimilar to the third, the difference, perhaps, being 
only becaufe it is no longer the vegetable fluid called wine which produces the acetous acid, 
is a particular fermentation which takes place in certain animal or vegetable prodiiCls 
above-mentioned, but efpecially in urines. This acid is always combined with ammonia» 



III. 

On the Strunure and Ufes of the Memhrana Tympani of the Ear. By Everard HoMEr 

Efq. F. R. S. • 

X HE fubjcft of inquiry appointed by. the Croonian Inftitution, has been greatly 
elucidated at different times by ingenious members of this learned Society. A large field, 
however, flill remained open *, and, refpe£ting future inveftigations, I (hall have occafion 
to ofier a frefh proof of the aid to be derived from comparative anatomy, in afcertaining 
the ftru£lure of parts which, from their minutenefs and fituation in the human body 
admit with much difficulty of being explored. 

The principal objeft of the prefent le£ture is to communicate a difcovery of the 
ftrufture of the memhrana tympani ; which, in feme refpe£ls, affords a new and very 
curious inftance of the application of mufcular a£Hon, and may conduce to account for 
certain phaenomena in the fenfe of hearing, in a more fatisfaQory manner than has hitherto 
been pr(}pofed. 

The memhrana tympani has always been confidered as a common membrane, which, by 
means of mufcles belonging to the malleus being ftretched or relaxed, became fitted, in its- 
various degrees of tenfion, to convey the vaft variety of external founds to the internal 
organ. Its (hape, fituation, and office, have procured it the name of drum of the ear i- 
and the mufcles of the malleus having been deemed fufficient for bracing and unbracing it, 
lefs attention was beftowed on the flru£ture of the membrane itfelf: to which maybe 
added, that in the human ear, and generally in the ear of quadrupeds, the membrane is fo 
extremely fmali and thin, and in its fituation fo peculiarly confined, as not to be got at for 
infpcAion but with much difficulty. 

The cafe is different in the elephant, where this membrane is fo very large, that the parts 
of which it is compofed are readily diflinguifhed : they are even confpicuous to the naked! 
eye ; and mufcular fibres are feen paffing along the membrane, in a radiated manner, from 
the bony rim which furrounds it, towards the handle of the malleus, to which the. central: 
part of the membrane is firmly attached. 

• Philof. TranfaaioDS, 1800.. 

This. 



•94 On tbi SiruBure and Ufes ofihi Afimbrana Tjmpanu 

i This difcoyery In the elephant having led to that of a fimilar conftru&ion In the human 
fttembrana tympani, it may not be improper to relate the circumftances by which I became 
engaged in the inveftigation of the organ of hearing in that animal. 

Three different opportunities have occarred of difTefiing the elephant in London, by the 
•deaths of thofe which had been prefented to his Majefty, and were kept at the King's (tables 
at Fimiico. One of them was given to the late Dr. Hunter ; one to his brother Mr. J. 
Hunter ; and the third to Sir Afhton' Lever. 

From my being conned^ed with Mr. John Hunter's purfuits in comparative anatomy, I 
vas employed throughout the whole of thefe difle^Hons* and became extremely dcGrous of 
examining the internal parts of the ear, the ftru£lure of that organ in the human body 
Jhaving at a very early period particularly engaged my attention ;* but neither Dr. Hunter 
mot his brother could be prevailed uppn to facrifice fo large a portion of the fkuU as was 
neceflary for the purpofe. 

When Mr. Corfe arrived from Bengal, laft year, and mentioned his having brought over 
a number of (kulls of elephants, in order to (how the progrefs of the formation of their 
grinding teeth, f the defire to examine the organ of hearing in that animal recurred to me 
fo ftrongly, that I requefted to have one of the ikuUs for that purpole, and Mr. Corfe 
very readily and obligingly complied with my requeft. , 

After having examined the organ in the dried flcull, the' want of themembrana tympanic 
and of the fmall bones, made the information thus received of a very unfatisfafbory nature^ 
sind increafed the defire of feeing thefe parts in the recent head. In cohfidering how this 
co\x\6. be done, I recolle£led a mutilated elephant's head, preferved in fpirits, which had 
lieeh fent to Mr. Hunter, but, froni the multiplicity of his engagemeptSy had remained 
negle£led in the calk at the time of his death, and in the following year was dried, to 
Ihow the probofcis, that it might not be altogether fpoiled. 

Upon examining this dried head, the bones had been fo much broken, that one of the 
organs of hearing was altogether wanting : the other^ however, was fortunately entire ; 
atnd the membrana tympani and fmall bones, having been little difturbed in the drying of 
the parts, remained nearly in their natutal fituation. 

* In the year 1776, I injeAed the cochlea and femicircular canals of the human ear with a coinpofition of 
vfax and rofin. This was done by placing the temporal bone in the receiver of an air pump, the upper part 
of which was in the form of a funnel, rendered air-tight by a cork being fitted into its neck, and Airrounded 
with bees* wax. After the air had been exhaufted, the hot inje£(ion, poured into the funnel, melted the 
wax, and the cork was pulled out by means of a ftring previoufly attached to it j the injection immediately 
ruftied into the receiver, and was forced, by the prcflVire of the atnooljphere, into the cavities of the tem- 
poral bone. 

t On this AibjeQ, a very ingenious paper has been fmce publiibed by him, in the Philofophical 

TranikdUons for the year 17^9. 
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The membrana tympanic and every other part of the organ, were found to be much 
larger in proportion than in other quadrupeds, or in man ; difiering in this rcfpcA from the 
eye of the elephant, /which is unufually fmall^ when compared with the enormous bulk o£ 
the animal. 

The membrane was found of an oval form;, the ihort diameter of the oval rather more* 
than an inch in length ; the long diameter an inch and -^tbs. 

In the human ear, the membrana tympani is nearly drcular j. the longeft diaaieter is 
•j^ths of an inch ; the (horteft i^oths* 

As the membrane in the elephant exceeds that of the human ear in thicknefs as much as 
in extent, which is as the fquares of their diameters, or in the proportion of 135 to 14, k 
is natural to conclude that the mufcular fibres which are to (tretch the one, muft grc^liy 
exceed in ftrength thofe capable of producing the fame degree of tenfion in the other. 

From this (latement, the mufcular (lru£lure in the human membrana tympani wiU 
neceflarily be fo much lefs di(lln£l than in the elephant, as fcarcely to be viCbfle to the naked 
eye, and will eafily be overlooked by the mod attentive obferver, who is not direAed by 
fome previous information to examine it under the mod favourable circumftances ; but> 
when thefe are attended to, it can be perceived without the aid of glafles. 

If the membrana tympani of the human ear is completely expofed on both fides, by rev 
moving the contiguous parts, and the circular covering is carefully wafhed off from its 
external furface, then, by placing it in a clear light, the radiated direction of its fibres 
may be eafily detected. If a common magnifying glafs is ufed, they are rendered nearly as 
diftind as thofe of the elephant appear to the naked eye ; their courfe is exactly the fames 
and they differ in nothing but in being formed upon a fmalier fcgle. 

When viewed in a microfcope magnifying 23 times, the mufcular fibres are beautifully 
confpicuous, and appear uniformly the fame throughout the whole fu^face» there being bq 
central tendons, as in the diaphragm ; the mufcular fibres appear only to form the interjifl 
layer of the membrane, and are moft diftin£lly feei) when viewed on that fide. 

In examining this membrane in difiereot fubjeft, the parts were frequently found in a> 
more or lefs morbid ftate. In one inftance, the membrane was found loaded with blood<» 
vefiels, was lefs tranfparent than ufual, and was united by clofe adhefion to. the point of 
the long procefs of the incus. In another inftance, there was a preternatual olfificatioxt 
adhering to it, at a fnull diftance from the end of the handle of the malleus. 

As mufcles in general are fupplied with blood-veffels in fiibportion to the frequency o£ 
their a£kion, it is an obje£l of importance to determine the vafcularity of the membtana^ 
tympani. Upon this fubje^i, my own want of information has been amply fupplied by 
Dr. Baillie, who, in a communication upon this fubje£^, (howed me a preparation of the 
membrane, in which the veffels had been mod fuccefsfully inje£):ed with coloured wax. 

In this preparation,, the mod beautiful of the kind I ever faw, the veffels in their 
didribution refembled thofe of the iris, and were nearly half as numerous : they anado- 
mofed with one another in a fimilar manner, and their general dirc£Uon was from the 
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cifoimfereiice to the handle of die malkos ; from near this handle* a fmall tpiA fent off 
braildief , in a tadiated manner, which anaftomofed with thofe which had an oppofite 
conrfe. 

This correfpondeoce, in the nomber and diftribntion of blood veflels, between die 
membrana tympani and the iris, is a ftrong circnmftance in confinnadon of that membrane 
being endowed with mnfcnlar adion. 

In the horfe* the membrana tympani is (mailer than in man ; its long diameter is -A^hs 
of an inch ; the fliort one -^^ths ; and it is almoft quite flat, while in man ic is concare. 
which makes the diflference of extent oonfiderably exceed the difference in the diameten, 
In the horfe, the fibrous ftrudnre is not rifible to the naked eye ; it is eren indiftinfily 
feen when viewed through a common magnifying glafs ; but in a microfcope it is Tery 
Tifible, and in every other refpe£l agrees in ftruflure with the membrane in the human 
ear, and in that of the elephant. 

In birds, the membrana tympani is larger in proportion than in the quadruped, and 
more circular in its (hape. 

In the goofe, it is ^ths of an inch in its longeft diameter, and -^V^I^ i" its ihortcft 
diameter. In the turkey, -^^ths by x'^ths. It is thinner in its coats in birds than in the 
horfe, and to the naked eye has no appearance of fibres ; but, when viewed in a microfcope, 
there is a vifible radiated ftru£lure, not very unlike the wire marks upon common writbg 
paper. 

In a former Ledure upon the Stru£lure of Mufcles,* in which a compiehenfive view 
was taken of the fubje£l, it was dated, that the organization neceflary for mufcalar con- 
traAion could exift in an apparent membrane, and that a fafciculated ftruflure was only 
neceflary when mufcular a£lion was to be enabled to overcome refiftance. The coats of 
the Taenia hydatigena were mentioned as an inftance of the firft \ and the human heart as 
the moft complex of the fecond. In comparing the membranae tympani of different 
animals, they afford a beautiful illuftration of the truth of this pofition. 

In birds, where from the fmallnefs of its fize the refiftance is very trifling, the membrane 
is very fimilar to the coat of an hydatid, only ftill thinner. In the elephant, fibres forming 
fafciculi are very diftin£l. The membrane of theiiorfe, and that of the human ear, form 
the intermediate gradations. 

The knowledge of a mufcular ftru£lure in the membrana tympani, enables us to explain 
many phenomena in hearing, which have not hitherto been accounted for in a fadsfadory 
manner. It is principally by means of this mufcle that accurate perceptions of found are 
communicated to the internal organ, and that the membrana tympani is enabled to vary 
the ftate of its tenfion, fo as to receive them in the quick fucceflion in which they are 
conveyed to it. 

* Pbilofophical Tran&£liont for the year 1795. 
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cury, as I fitppofedt {M^tmn of the, 4£ademy^ 1780) biU becaufc th^expanfive force of the 
heat, and the tendency to the combination of the muriatic acid> a£ling upon the oxide of 
mercury, caufe, as we may exprefs ourfelves, a new (baring to be made of it. If the pre* 
cipitate by ammonia be examincdj it is obferved, that it retains a portion of ammonia : the 
precipiute of the muriate of irpn by pot-aOi, retains part of the pot-a(h. Fadls of this 
kind may be colle£led in great number. 

There is therefore no doubt, but that the obfervs^tioRs which have been made upon the 
precipitations of fubftances which lo(e their folubility, cannot be applied to the metallic 
precipitates, which vary according to all the circumftances which are capable of modifying 
the powers brought in a£tion, at the moment of their (uccellive precipitation, and which 
will deferre a particular examination in another memoir. 

But when the metals are mutually precipitated from their folutions, their reciprocal afii* 
aity for oxigen has a great effefl in the a£Vion that takes place ; and fometimes the precipi- 
tate is foitnd in the metallic (late. If another force weire not joined to the affinity of the 
precipitating metal for oxigen, it would naturally follow from the principles eftabliihed in 
this Memoir, that the oxigen would always be divided between the twp metals which are 
in competition, according to the a£tion they exert upon it. It is therefore neceflary ta 
examine, what may be the force which determines the precipitation in the metallic ftate ? 

2. The affinity of mercury, gold» and filver for oxigen is very weak ; the mutual affinity 
which ftill remains between the parts of thefe metals when they are in fufion, as mercury 
it at the temperature of the atmofphere> is fufficient to' prevent their combination with 
#xigen -ill the ftate of gas ^ but heat^ by dilating the particles of the mercury, fufficiently 
diminiihes^ the force of their mutual affinity to enable them to combine with oxigen : a fu- 
perior degree of heat is fnfficient, by the difference of dilatation which it produces in the 
nercury and in the oxigen, to feparate them : fo that the a£Uon of the beat begins by 
bein^ more effis£live to this combination, m confequeace of the diminution of the mutual 
affinity of the parts^ than inimical to it by the difl^rent dilatation of the mercury and the- 
oxigen : but at length by augmenting thU diffisrence, it renders their combination im- 
poffible. 

As the force of coheiion in mercury iis fufficient to prevent oxidation, this very force will^ 
tend to effe£l its difoxigenation, with the affiftance of a m^tal which will ^Gt dire£lly upon 
the oxigen. (t is a force analogous^ to that which produces cryftallifation and precipita* 
tions; (Axt. V.X 

3. The metallic particlea-bave not only a nuitual affinity^ but likewtf« have an affinity 
for thofe of other metals: hence proceed the amalgams and mixtures* It ia only neceffitry 
to put coppor ip conta£): with meicury to effi:^ a oombination between* thefe two metals*. 
Tbtts when ametaloppofes its action to a metallic folution, part of the metal may a6l upoA 
Ae oxigen and upon the acid, while the other tends to combine with the metal of thcu 
Mide. Let tt( ezamiii^ whether we can. diicoTer in the imcipitation .of mercuryf filver 
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gold and copper, in the metallic ftate, the influence of thefe two foflrces^ that is to fay, the 
mutual affinity of the particles of one and the fame metal» and the affinity of one metal for 
another. 

4. When a piece of copper it plunged in a folution of mertury by the nitric acid, or by 
the muriatic acid, the copper becomes inftantly white, and the mercury is found to be 
reduced ; but it has combined with the copper. 

If inftead of a plate of copper, a plate of very clean iron be plunged in the fame folution, 
fereral hours elapfc before the liquid appears difturbed, and a precipitate is perceired: at 
length a precipitate is formed \ but with the muriatic folution in particukr, this precipitate 
is partly in the date of an oxide, and very probably retains a portion of acid. 

If the affinity of a metal for oxigen were the only caufe which produced the precipiCt* 
tion of another metal, the iron ought to a^ with much greater efficacy than the copper ; 
for it is known to have a much ftronger affinity for oxigen, and nevertfaelefs its adioa is 
AoW) difficult and incomplete, while that of copper is inftantaneous. It is feen by die 
manner in which the indecompofable acids are retained by the oxide of copper and the 
oxide of Iron, when their combination is expofed to the adion of heat, that there can only 
be a very fmall difference between the affinities of thefe metals for the acids* There ia 
confequentty no doubt that the affinity of the copper for the mercury, wkh which it Iiaa 
actually combined, muft have greatly contributed to its precipitation in the ^etidlic ftat« ; 
but the mutual affinity of the particles of mercury, muft alone have decided, though witk 
difficulty, in the experiment with iron, the redudion of the foi^er metal % a portion was 
alfo precipitated in oxide, and probably nrtained a portion of acid, as the whole would 
have done, if the affinity of the iron for oxigen had been the fole agent ; and the ^poctioa 
{nrcipitated in the metallic ftate did not combine with the iron. 

5. When a folution of filver is precipitated by ci^iper, the precipitate which is found ia 
the metallic ftate is not of pure filver^ bat a combination of ^Iver with a foiall portion of 
copper : it could not take the copper from the plate itfelf which was plunged in the (Uu- 
lion ; it muft therefore have precipitated with it out of the folution : the mutual affinity of 
thefe two metals has decided their difoxigenation* By means of this force two combinaii- 
tions are effsded, as happens alio in feveral other circumftances : one of the acids, wiA 
the oxide of copper, the other of filver with a portion of the copper. The adion of- the 
acid upon the oxide of copper, and thac of filver upon copper, are thus put in equilibrio. 

6. So likewife when a plate of copper is plunged into a folution of goM, the gold which 
is precipitated (hews by its higher colour^ that it has combined with copper, and the foltt« 
tion retains but a fmall part of the copper which has been loft by the plate. 

If a plate of iron be put in this folution, the gold which is precipitated feizes» perhaps 
equally, a part of the iron, or at leaft its precipitation is determined by the affinity id the 
iron for the gold, at the furface of which this laft comlnnes. For the gilding is a> «cttibi^ 
nation of the two metals at the furfoce^ by which they are in coata£l; when the £rft ftratum 
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is formed, the precipitation is capable of continuing by the mere force of cobtCon of the 
gold to itfelf. '. -^ ^ 

7. What Ihave juft dated is verified in the precipitation of copper by iron. When a 
folution of copper is decompofed by a plate of iron, and the copper attached to the plate is 
feparatedi it is perceivedby the brown colour of the interior furface, that the copper is not 
there pure, and that it contains fome iron. After this firft (Iratum the copper continued to 
precipitate, by contra£ting an adherence With itfelf, and afterwards with thofe coats which 
are fucceffively formed \ fo that the affinity for the iron began the eSed, which was conti* 
nued by that of the copper for itfelf. 

8. Phofphorus precipitates feveral metallic folutions, as has been explained by Sage and 
Bouillon*. Though it has a ftrong affinity with oxigen, yet what has juft been explained 
relative to precipitation by the metals, ought to be applied to its adion. 

Pelletier has proved, that phofphorus has the property of combining with metals, fo that 
1 part of that which is put in z&aovl is capable of combining with oxig^ni while the other 
aAs equally upon the metal. • 

Among the metallic folutions there are fome which are not afleded by phofphorus ; ia 
others the nietal is precipitated in oxide, which doubtlefs retains part of the acid of the 
ibiution, or of the phofphoric acid jvhich is formed ; in others the metal is at length re* 
dttced* ' Gold, iilver, copperj and mercury^ are among thofe which refume the metallic 
ftatc. . 

' X)n confidering the obfervations which have been ma^e on this precipitation, it appears 
that copper and filver are precipitated by conibining with a fmall portion of phofphorus; 
thus, to precipitate twelve grains of filver, three grains of phofphorus are confumed. But 
only about three grains of phofphoric acid, in a gelatinous ftatc, were obtained: now, one 
grsnn of phofphorus only would be neceflary to produce this quantity of acid \ there .con« 
'ieqiuently remain niore than. two grains, which muft have. comUned with the filver. 
*. lA part only of mercury thus treated refumes tlie metallic (bate; the reft preferves the 
Hate of an oxide, and combines with the phofphoric acid. Here the force of cohefion is 
weak \ and no combination is made with the phofphorus : hence the tStOi ia but partial, as 
when iron is ufe^. (No. IV.} 

Though the affinity of gold for oxigen is very weak> and much inferior to that of cop- 
per, its precipitation is not fo quickly effi;£ied, and a portion 18 precipitated in the ftate of 
oxide;, this doubtlefs hsippens becaufe it has little difpofition to combine with phofphorus ; 
and it is by the combination of copper with phofphorus, that the precipitation of the latter 
metal is determined* 

Sbme pf the obfervations wluch I have here prefented require the accuracy of experiment 
for their entire explanation : but all ^pear to me indubitably to prove^ that it is the force 
cit( cohefiipn. which tends to recombine the particles of a one individual metal, and it is the 
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mutual affinity of fome metals which decides their precipitation in the metallic ftate ; fo 
that this ftate is more or lefs fuddea and complete, according to the energy with which 
thefc caufes are capable of afting *. 

ARTICLE XIV. 

Of the refultlng Affinity. 

1. I denominate that the re fulting affinity ^ whofe a£lion proceeds from fcveral affinities 
in the fame fubftance : for inftance, the nitric acid is compofed of oxigen and azote ; this 
acid combines with pot-a(h ; it a£ls upon pot-a(h by an affinity which refults from that o£ 
the oxigen and that of the azote. The reciprocal mutual a£lion .of the pot-afli is likewife a 
force which refults from that exerted by it upon each of the fubftances which compofe the 
nitric acid. 

2. All bodies exifting upon the earth have an affinity for each other. If we refufe to 
admit this principle, it muft be allowed, that the number of exceptions can be but very, 
fmall. I may therefore reafon upon this fuppofition, and apply to all fubftances that which 
<SbferTation has made known relative to. the affinities and their modifications^. If this appli- 
cation be not forced, if it accounts for properties which cannot be diredly eftabliftied upon 
experiment, the confiderations which I prefent ia this article may throw fome light upoa 
feveiral phenomena, which are owing to a chemical a£lion ftill undetermined. 

' 3. I have fuppofed in the definition of refultlng affinityy that the affinity of a compound 
fubftance is derived from thofe of the fubftances which compofe it. It is neceflary to exa-^^ 
mine, what are the circumftances which might modify the elementary affinities, and af« 
certain the changes which muft have arifen in the affinity refulting from them. 

4^ The chemical a£tion of fubftances is weakened in proportion to. their faturation*. 
(Article II. No. lo.) 

It muft be concluded, therefore, that the reluUing affinity muft be a lefs quantity than 
the elementary affinities when alone : for the latter have experienced a commencement of 
faturation ; but other circumftances may increafe. the a£tion of the refulting affinity, or 
may augment the weaknefs it derives from faturation. 

5. If one of the fubftances that combine, change from a folid to a liquid ftate, it ac- 
quires the advantages poffi;fled by folvents -, and its affihity^ which was difguifed by the 
folid ftate, becomes adive, fo that the refulting affinity may, on this account, be much 
more confiderable than the elementary affinities appeared to be. 

ThuSf when fulphur is diffolved by pot-aih, the fulphuret which procieeds from it exerts 
a ftrong zQlxqti upon oxigen gas> as foon as it has been rendered liquid by the addition of 
water, or has attra£led fufficlent humidity from the air : becaufe it has by that means loft 

^ Fabroni hat publiihed fome very intereiling obfenrations OD (fie nfatiial a^ion of iretals« (Journal. 
4JU; Pkyfique,^ Bniipauoe» An. 8.^ 
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its force 6f cohefiodi ms if it had been rendered liquid % the a£lion of calorici and beciufe 
the pot-a(h likewife exerts an a£bion upon the oxigen, though much weaker than that of 
the fulphuri fince it cannot alone overcome the eladictty of the gas. The adlion of the 
fulphur is really diminiihed by the whole of that attradtion which it exerts upon the pot- 
a(h, and upon the water which fenres as a folvent to the fulphuret ; but it gains much 
more by the liquidity which it acqttirest than it lofes by this faftiration. Stri£lly fpeaking, 
all thofe fubftanceeof which the folidity is furmounted by a foWent, do ad by virtue of a^ 
refulting force Or affinity. 

6. Circumftances contrary to the preceding produce an oppofite effe£l ; and when fub- 
'(lances by combining, become folid, or more difpofed to cryftallife> this circumftance is 
added to the lofs of force, arifing from the faturation* 

For exam[^Ie, pot-a(h and nitric acid have both the property of diflblving in alcohol) and 
yet alcohol does not diflblve the nitrate of pot-afh \ that is, the force of cohcfion which be- 
longs to that combinationi and which, with water, produces Its cryllallifation, has modi- 
"fied the elementary affinities into the refulting affinity. What confirms this explanation is^ 
*that falts which are not cryftallKable in water, becaufe they oppofe only a feeble cohcfion, 
%ave, in general, the property of diflblving in alcohol ; but, in fuch a manner, that they 
are capable of cryftallifing in that fluid, becaufe the weaker afkion of the alcohol cannot 
'Overcome, except to a certain point, the force of cohcfion, of which they are not entirely 
tdeftitute. The limited folubility of nitrate of pot-afli in \|rateri arifes from the folubility 
^ the pot*afli, as well as of the nitric acid by water being greater than in alcohol. 

7. Bodies a6b in proportion to their quantity, which exifts within the fphere of a£Gon. 
X Art. IV.) 

Hence we deduce, that an a£lion much ftronger than that of the component parts may 
«efult from a combination, when the components, or one of the two, pafs from the elaftic 
txy the liquid ftate % for they then carry into the fphere of a£tivity a more confiderable quan- 
tity, the a&ion of which may conllderably exceed the lofs of force that is owing to the 
Saturation. 

Thns pot-alh cannot overcome the refiftance which proceeds from the elafticity of the 
oxigen gas and the azote gas ; but if thefe two be combined in order to form nitric acid in 
the liquid ftate, they i£k upon the pot-afli in a quantity much greater than when they 
could have applied in the elaftic date \ and the refult of their a£lion, though weakened by 
a commencement of faturation, is found to be ihuch more confiderable, than if the azote 
and oxigen had continued in the elaftic ftate; 

• 8. The affinity of a fubftance which enters into combination with a compound fubftance, 
concurs with the elementary affinities of the latter to maintain its compofition againft the 
adion of foreign fubftances, in proportion to the degree of faturation which it produces. 
Thus iron eafily catriea off oxigen from azote, or rather, it (hares it, or takes a portion ; 
Imt as fooa as ^c akric acid is combined with pot-afli, iron can no \»o^ £qppite itt 
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osq^en at an ordinary temperature; but at a higher temperature the difierenee of dilation 
ikflkiently deftroys the refulting aflbiity^ofthe pot-afh tocaafe the ir<>ti to combine with 
the oxigen. 

In the oxigenated muriatic acid^ the oxigen whi^ has midergone but Kttle faturation^ 
and which confequently is feebly retained by the muriatic acid, pafles eafity into other 
combinations i but though it is found tn a much greater proportion in the oxigenated 
muriate of pot-a(h, it is carried off with much more difficulty by oxigenable fubftances. 

The phofphatc of lime is not dtcompofed by charcoal; even at a great degree of heat ; 
but if it be in the ftate .of acidulous phofphatc, the portion of acid, which may be confi*> 
dered as in excefs at the^ (late of faturation, is capable of being decompofed by charcoal, 
becaiife it is not prevented by a fufficiently large mafs of bafe ; and it is this part alone 
which affords phofphorus, when, in order to obtain this fubftance, we ufe phofphate of. 
lime reduced to an acidulous phofphate by the fulphuric acid. 

gi. Thcf contrary takes place when, inftead of a faturating fubftance, which fervea as a. 
fiipport to the refulting affinity, one is added that tends to form a combination in which > 
one of the conftituent parts muft enter. For example, when fulphuric acid is added to a 
mixture of water and iron, this acid favours the decompofition of the water, becaufe it 
tends to combine with the metal, and with a proportion of oxigen ; a tendency concurring 
with that of the metal againft the affinity, which forms the combination of oxigen .witbi 
hidrogen. 

to. From- the preceding remarks It maybe concluded, that the properties of the re- 
liilttng affinity, of compound fubftances may be reduced,, i; to the advantages of liquidity,, 
and under this point of view it is neccffiiry to apply to it the theory. of folvents (Art. IX.) ;; 
2. to the difpofition to folidity, which produces contrary effeAs, which muft be explained. 
by the force of oohefion (Art. V. } *, 3* laftly to the concentration of elaftic fubftances ; this • 
circuihftance demands particular confideration, but it may be found corhbined with one; 
of the two preceding*. 

The obfervations prefcnted in No. 7^ and No. 8 prove, that in thofe compounds in which j 
elaftic fubftances are concentrated, there are eftabliOied by a change of conftitution, affini«- 
ties which may be confidered as new ;, an additional force has accrued, to which we mayv 
apply the inverfe of what has been ftated relative to the effe£ts of elafticity (Art. VI.) 

The diftindive chara£ler of the complex affinities, of which I have treated (Art. XII.); 
compared with thofe which refuk from the compofition of the fubftances of which I now - 
fpeak, iS) that in the firft but very little change obtains in the conftitution of thecompo* 
nent parts ;;fo that when the force of cohcGon or elafticity does not intervene, we. may* 
confider them in the fame manner as they have been confidered in Article XII, No« i.. 
whereas a new force is eftabliOied in compounds in which elaftic ftthftancesare condcofed \ . 
a power which may. be confidered analogous to that of the cohefidn which obtains on the 
mixture of different fubftances that' determine the combination^ that are formed, or wh!d& t 
require to be overcome by the forces. oppofed to it*. 

8, ii.Calouc,, 
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11. Caloric, by augmenting eklticky» deftroys the affinity refulting from fabftancest of 
which the conftituent parts bare aH imeqoal dilatioDi conformable to what has beea 
ttated in Art. VII. 

1 2. Obfervation farther (hews us, that when the refulting affinity is not fufficient to pre- 
vent the decompofition, it fometimes renders it very flow and long. It is to this fiowneCi 
of a£lion| to thefe progreffive changes of conftitution^ to the diflferent degrees of faturatioo 
which take piacCi that mod of the phenomena obfervable in vegetation, fermentation, the 
animal economy, and in general among all bodies which contain condenfed elaftic fub« 
ftances, mud be afcribed*. This fubjed will require (till farther explanation. 

13. The refulting affinity ought always to be confidered as a (ingle force, while the fub- 
ftances from which it is derived remain in combination : but it is neceflary to conlider the 
elements of which it is compofed when a feparation takes place \ the latter is then executed 
conformably to what has been explained in the diviiion of fubftances, in proportion to the 
oppoGte powers which ziOt upon them. 

14. It frequently happens that a fubftance a£ls partly by a refulting affinity, and partly 
by its elementary affinities. When a metal is diflfolved by the nitric acid, one part of the 
acid exerts a refulting affinity, and another a£^ by its elementary affinities, fo that the 
oxigen of the latter part is divided between the metal and the azote, and the oxide which is 
formed is diffi)lved in the undecompofed acid. 

15. It is evident, from what has juft been explained relative to refulting affinity, that a 
falf&idea may be adopted of the properties of a body, when we confine ourfelvea, as is too 
often done, to the determination of its conftituent parts, without paying attenKon to the 
other conditions of its conftitution, if, among thofe conftituent parts there may be fome 
which have undergone a confiderable alteration in their ftate. A quantity of oxigen gas 
doles not poflefs the fame chemical power when it is in the elaftic ftate, as when it exerts a 
refulting force in its combination with azote, hydrogen, carbon, fulphury or a metah 

For example, the oxigen does not exert the fame a£tion, and has not the fame refulting 
affinity, in the fulphuric and the fulphureous acid : though in the fulphuric acid a fmaller 
proportion of fulphur is combined, yet it adheres much more ftroQgly than in the ful« 
phureous acid, and being more condenfed, it exerts a much more powerful chemical a£iiont* 
We ought not to confound the oxigen gas which is held in folution>by water, with the 
oxigen which, by its combination with hidrogen, forms this liquid: the diffisreoce caufed 
between them by the ftate of condenfation, produces two fubftances very diffisrent iii their 
chemical ai^on* 

• I have often had recourfe to this change of conftitution in the chemical explanations which I have had 
occaiion to give, and particularly in the Icaures of the National School, where I defined the refulting affinity 
hy the name of coOfSive ^ifimtj, and diftinguiflicd it from iUmentofy afimtus. 

t I have obferved die tfkSU of coxxieniation in a memoir on tiie fulphureous acid (Annaks de Chimie, 
4789). 
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' It IS therefore neceflary either to confider all th? cpnftitation of a bddf, in order to ex- 
plain its chemical properties, or to content ourfelves with eftablifhing thofe properties by 
experiment; for we mud pay attention to all the circumftances of chemical a^on, to 
explain the refults of that aAion, or we muft confine jourfelves to their eftabltlhment or 
confirmation. 

ARTICLE XV. 

Recapitulation* 

1. It has often been remarked that the adion of a fubftancc is diminifhedj in proportion 
as it approaches to a ftate of faturation : and this diminution of power was made ufeful in the 
explanation of feveral chemical phenomena. It was aflSrmed that a metal could only take 
a definite portion of oxigen from the nitric acid, becaufe when the. portion of oxigen in the 
acid is diminifhedy the remainder is too ftrongly combined with the azote. The property 
of carrying o£F only a portion of oxigen from certain metallic oxides was attributed to 
hidrogen } it was admitted that when a fubftance attraAs humidity from the air, its dif« 
folving force comes to an equilibrium ; fo that according to the degrees of defication of the 
air, it may either cdrry off or give out water to it. It was known that the refiftance found 
in expelling a fubftance from the laft portions of a combination, either by the a£tion of an 
afiinity, or by that of heat, is much greater than at the commencement of the decompofi- 
tion, and fometimes fuch, that its entire decompoGtion cannot be effeAcd. Thus it was 
afcertained that oxigen could be but partially difengaged from the oxide of manganefe by 
the a£kion of heat. 

. The combinations which are formed when forces are oppofed, does not therefore depend 
upon the affinities alone, but upon the proportions of the fubftances which a£l. I hatt 
therefore only applied. to all the phenomena of chemiftry, what has been unavoidably ad- 
mitted in feveral of them from obfervation. I have deduced the immediate confequences* 

2. Thefe confequences are, that fubftances 2i6t in proportion to their affinity, and their 
quantity exifting within the fphere of a£):ivity ; that the latter may compenfate the force of 
affinity, and that the chemical adion of each power is proportionate to the faturations it 
produces. I have defined by the word chemical mafs^ or mafs^ the quantities determined by 
a like degree of faturation, and confequently relative to the capacity of faturation : when 
two fubftances are in competition in order to combine with a third, each of them Qbtains a 
degree of faturation proportionate to its mafs. The fubjed of the combination alfo divides 
its aflion in proportion to the maflcs, and by varying the latter the refults will alfo bt 
varied. 

3. I have con&dered all the forces which, by their concurrence (Hr oppofition to the 
mutual affinity of the fubftances brought in a£lion according to the preceding principle, 
may have an influence upon chemical combinations and phenomena. They may be reduced 
M the following heads : the a£tioa of folventS} or the affinity which they exert according 
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to their proportion ; the foree of cobeGoii» whidi Is the efie£l of the mutual affinity of the 
parts of a fubftatice or combination ; the elailicityt whether natural or produced by heat» 
which ought v to be confidere^ as an affinity of caloric i the efflorescence, the caufe of 
which may be attributed to an affinity which is not yet determined, and which a&s only 
under very rare circumftances ; gravity likewife exerts its influence, particularly when tl 
produces the compreffion of elaftic fluids ; but it may always, without inconvenience, be 
confounded with the force of cohefion. 

4. I have endeavoured to afcertain whether it were poflible to determine the relative 
affinity of two fubftances for a third ; I have obferved that for this purpofe it would be 
neceflary to difcover in what proportions this third would be divided with a given quantity 
of each of the two firft, or rather would divide its adiion ; I have pointed out the in« 
furmountable obftacles that would be met with in the means that muft neceflTariiy be 
employed to prove this divifion of a£^ion, and the changes of conftitution which would 
attend %^. 

5. As the tables of affinity have all been conllruded upon the fuppoGtion^that iiibftancet, 
poflefs difterent degrees of affinity, which produce the decompofitions and combinations 
which are i&rmed, independently of the proportions: and other conditions which contribute 
lo the refults, thefe tables are calculated only to give a falfe idea of tfa^degrees of chemical 
t£tion of the fubftances arranged in them. 

6* The denomination of ile3ive qfiniiy is, in itfelf, erroneous, fince i( fu|^Qfes tht 
union of one entire fobftance with another, in preference to a tbird^ while there is only a 
ilivifion of adion, fubje£led to other chemical conditions. 

7. The a£):ion of two» three^ or a greater number of fubftances, is (ub^Sk to the fam€ 
hws, and the lefult depends on their affinity, their proportion, or the deg^e of faturation 
In which they are found, and the coiwurrenoe or oppofition of the .forces they eiert. 

In every cafe of li^idity a mutual faturation takes place, and the refult is a fingle com*- 
bination,. in which all the forces arc coonserbalanced, while thext is neither precipitatioil 
iior difengagement of elaftic matter; but as the aAion is divided when there is an oppofition 
«tf forces and a difference of fiituration, ibme fubftances are retained in thie new combtna- 

» 

lion krs ftrongly than before the mixture; they may confequently yield to the powers of 
cohefion, elafticity, or other affinities which they might otherwife. have refitted. 

^ 8. The force of cohefion which has Utherto been confidered mevtly as an obftacie t<y 
folution, limits not only the quantities of fubftances which may be brought into a£^ion itk 
9 liquid, and confequently modifies the conditions of the fatufation which follows; but it 
is the power which caufes the precipitations and cryftaUifations that take place and deter- 
mines the proportions of fuch combinations as are made by quitting the liquid:, it is this force- 
which fometimes even producea the feparatioit of a fubftancc, without its forming any 
combination with another fubftance, as we have remarked in foiM mttallic pi<eGtpitafion#.. 
I have diftinguifiied infolubilicy from the force of cohefion^ becuuft tht one is felative only 
U> the a£lion of the folvene^ and the other ia the tOcSt of the m^taal aSnity of die pana. 
•C a fubftance or combination, contdered abfplutely.. 

' ^ £lafticit]L 
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. ^ Ela(Ucit7 a£k8 by prodoclng eSbds oppofite to tliafe of cohefion^ and which conGft either 
in withdrawing fom^ fubftances from the a^lioo of others in a liquid, or in dinitnifhing 
the proportion which exifts within the fphere of afUTity^ but when all the fubftaoces 
are in the elaftic ftate^ their aAion is fubje£led to the bme conditions. » 

If tables were formed which would reprefent to di(poCtion, to infolubility, or volatility^ 
in the diflxmnt combinations, they would ferve to explain a great number of combinations 
which take their origin from the mixture of different fubftances» and from the influence of 
beat. 

9* Caloric a£l;s upon bodies like the other folTcnts, when it is not in a ftate of radiant 
caloric^ becaufe in this cafe it is not in combination. 

It is neeeiimry thaC.it (hould exceed the greateft part of the force of cohefion, in order to 
Tender a body liquid, and other affinities may concur with it to produce this effe£l| in 
^ fame manner as itfelf concurs with the adion of other folvenCs* 

It is not diftributed among bodies in proportion to their ponderable quantity, or their 
bulk, when it produces the degrees of temperature indicated by rhe thermometer, in the 
iame manner as an acid does not take up an equal quantity of the diflrbrent alkalis, to arttaia 
the bmt d eg r ee of fiEUoration, an4 the fabks of ffecific calorie are fimilar to thole of 
fpecific acidity or dkalinity, which might be cenftroAed: tibe fonaer determlnse the 
capacity of caloiicy the latter would determine die capaeity of faturation *• 

One di ffi Mr e n c Cy however, would exifr betwees tbefe tables is, that dmTc of acidity or 
alkalinity would reprefent the wboie faturation ta a certam afiumed poim^ becaufe p«re 
acids and alkalis might be employed : but the fpecific calorscs cooU only be determined 
from' an unknown point of feturation to another point, becaufe the bodies Submitted to ex<- 
perknent are already combiaod< with a quantity of calorie. The lefults which may be 
obtained between two degoees of Ao fcakr of the themometery baioe ao known connefkioa 
with the total quantities* To attempt to form a conclufion of one from the other, is ([he 
hmt as to pretend ta determine the comparative folubilily of the muriate of foda and the 
nitrate of pob-afli in water, by experirmehts made only at or towards the point of ebfil(ftiofl 
er of congelation. la die former cafe we fliould fay that three parts of water would be 
aequired far the foludon'of one part of mufiatie of foda, and onfy h^ apart would be 
neceffary to diflblve one part of the nitrate of pot-a(h ; in the latter that much lef) water 
wmdd be required to diffolve the muriafe of foda than to diffdve t^ nitrate of pot-afh f. 

* Several chemifts have bufied themfelves in determining the conftitutnt parts of chemical combinations t 
no perfon has carried this point to fuch an extent, and with fo much fuccefs, as the celebrated Kirwan } v 

though the methods he employed are fubjeft to Ibme dTfcuflion. 

The ftme chemift has eftablifhcd that the affinities are proportionate to the quantitieB producing the 
fthifatMii { but he oonfiderod them, as forces independsnt of the pix^KXtioiis and othffr conditions which 
modify them. 

f This ooniideration-alone^ that fpeciiic caloric has no. known relation to the quantity of caloric com* 
bm^d in a body,, ibewa that the experiments by which Rumford has lately pretended to prove that caloric is 
not a conftituent part of bodies, cannot lead to fuch a conclufion. 

P II On 
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On taking the folid (late, the force of cohefion in a bodjr obliges a part of the caloric 
to feparate ; in the fame manner as when a fait cryftallifes, it abandons part of the folvent, 
or even a part of the acid, or of the alkalii with which it might be combined. 

10. It might be affirmed, that the affinities would be really reprefented by the tables of 
capacity; fince they would afford the meafure of the a£lion of fuch fubftance upon an- 
other, when a common term of faturation was found, fuch as neutralifation for the acids 
and the alkalis, and thermometric temperature for caloric ; but nothing could poffibly be 
concluded for chemical aftion at another term of faturation, and more particularly for an- 
other conftitution, and for all the circumftances in which the forces of elafticity and cohe- 
fion might not be introduced. 

11. After having confidered air the affinities which may jointly produce chemical a£lion, 
I examined how, in the compounds, they may refult from their conftituent pans, in order 
to acquire a conception how the varied powers which produce all the chemical phenomenaf 
can be derived from one fingle property of (imple bodies. 

The obfervations prefented on this fubjeA have {hewn, that what principally diftin- 
guiihes compound fubftances, whofe adlion is confidered as fimple is, the condenfation of 
the conftituent parts, on which a new affinity depends^ an affinity very different from that 
which the fame parts poflefs in the elaftic date : the elementary iaffihities are modified by 
the (late of faturation, by the force of cohefion, or by the variations of elafUcity : the re* 
fulting affinity may undergo, by combination, a new degree of faturation which tends to 
fupport the compofition, or may be weakened by odier tendeiicies to combination with one 
of the conftituent fubftances. 

12. All the confidcrations which I have prefented refpedtng the modifications of che- 
mical aftioU) do not prevent us from ufing the term affinity to denote the- wbok chemical 
power of a body exerted in a given fituation, either by its prefent conftitutiooy its propor- 
tion» or even by the concurrence of other affinities ; but we muft avoid oohfidering this 
|K>wer as a conftant force which produces cbmpofitions and decompofitidns. By fo doing 
we fliould erroneoufly infer from its prefent ttk&s in any inftahcci what it would be under 
other conditioos which may indeed give it a very different degree of force ; by fo doing we 
fliould negleA all the modifications it may experience from its initial zGtion to that in whick 
it obtains its equilibrium* 

13. In this effay I have pointed out an uniform proceeding for the cultivation of che- 
mical fcience. I have confidered all the forces which unite in the combinations and phe* 
nomeaa on which it is employed ; I have endeavoured to. determine the influence of each 
in different circumftances. If the reader fliould regret the lofs of all expedation of claffing. 
the chemical power of bodies^ independently of the conditions which modify it, it will rea* 
dily be granted > that the tables of affinity contained fimple notes of fa£is nearly fterile, and 
that they deprived us of the advantage of employing in our deduflions the knowledge of 
the moft fruitful properties, by means of which a great number of the reftitts of chemical 
adion may be anticipated ; and the fads may be interpreted and direded without having, 
iCQOurfe to fuppofitionsi or requiring any particular principles to explain atiomalies. 

4 v.- 
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V. 

A Mtmoir en Mortarsy Wattr Linu, Cement/, and Pouzzelana: Bj CiT. GuTTOtr, 

We find in many publications atcounts of proceflcs for the preparations of mortars and' 
cements ; enquiries into the compofition of thofe employed by the ancient in edifices ftill 
refpited by time ; experiments to ddtermine the condition of their folidity in the different 
circumftances i obfervations on the materials proper to each of the feveral ufes ; and de- 
fcripttons of the charafters. It has appeared to me that by colle£ling and comparing the 
fa£ls and inferences, we might obtain a fmall number of truths no longer fubje£t to dif- 
caflion, which cannot be rendered too familiar to mankind. This is the obje£t:of the 
prefent memoir, in which I (hall alfo ftate feveral experiments hitherto unpublilhed. 

Loriot Mortar. 

In I775f the late M« Loriot dire£ted the mixture of one fourth part of powdered lime 
in a good mortar^ made as ufual of linxe and fand, as the eflential conditions for obtain* 
ing buildings as folid as thofe of the ancient Romans. See his Memoiii Journal de 
Phyfique, III. 231. 

Having obferved that the pulverization of the lime is a painful and even dangerous 
operation for the workmen, who, notwithftanding every precaution, were fubjefl to bleed- 
ing at the nofe. I propofed to have the lime covered till it became fpontaneoufly flaked 
into powder, and then to calcine it again in a fmall furnace, and ufe it hot. 

This procefs is explained at full Tength in a memoir printed in the fourth volume of the. 
Journal de Phyfique, page 481. It has been frequently ufed in the large way, and always, 
with the mod perfed fuccefs ; which is not to be wondered at, when we confider that two 
very defirable conditions are thus obtained, namely, that the lime is f refli and in very fine 
powder. 

The defcription of the oven, with plans, feflions, and profiles, xs to be found in an in-^ 
ftru£iion printed in 1775, by order of government, and in the Journal de Phyfique for 
O£iober of the fame year, Vol. VI. page 311. The dimenfions are fufiicient to afibrd an. 
uninterrupted fupply to the labour of a number of workmen, and the proportions of the* 
compofition of the mortar, which were thought to be the beft, were : 

Fine filiccous land - * • - o. 3 

Cement of wel)-baked biiicks - « - o» 3 

Slaked lime - - • . . o* 2 

lame fpontaneoufly flaked, and again calcined * o. 2 

Mortttt 
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Mortar of Lafayi^ 

In 1 777, Lafaye publifhed bis enquiries into the preparation wbidi the Romaos gate to 
their lime, and the compofition of their mortars. The pra£tical part is extra£led» with 
lyiuch detail, in the Journal de PhyGquej IX. Part I. p. 437. 

The eflential article is the method of flaking the lime without liquefying it, in order to 
have a pow4erf and ftill Cufficiently cauftic tp afford a very ftrong limej whish (ball grow 
hard with age. 

For this purpofe good frefh lime, made frenx hard (tone, is taken and broken into pieces 
about the fize of an egg ; thefe arc thrown into an open baflcet, which is plunged jnto 
water, and kept there till the furface begins to boil ; at which period it is taken out, and 
fuffered io drain^ when the lime is thrown into calks, where it heats, and foils into 
powder. 

This lime, fo prepared, is taken as an ingredient in various kinds of mortar, according 
to the. objc£t. It keeps very well when the caflcs arc covered with ftraw. 

I have ufed this lime in the cpnftruAion of a fmall aquedu£l of more than fifty metres 
in length, intended to convey water to an artificial nitre bed near Dijon, about eighteen 
years ago. The mortar made of three parts of fand, and three of cuttings of hard lime 
fione, became very firm and folid in a (hort time, though it was under ground. 

C^narming P^pr Lime, or ff^aUr Uffif (Cbatac MIfdgre). 

In fome countries they have a kind of lime called poor lime, becaufe in equal quantities 
it does not give a mortar as fat as the others ;. but this lime has a property wJxicb renders 
it very valuable, ns^mely, that of becoming (olid and hard under water. 

The caufe of this property was unknown till Bergman obferved that it is owing to a 
oxide -ef manganefe, which the lime ftone of Lena contains in the proportion 0.02, as do 
likewife ojther (tones that form a mortar capable of hardening under water. Opufc.. H. 
Eflay XIX. J. lo. 

In 1783} I publifhed, in the fecond femeitre of the new memoirs of the academy of 
pijon, page 90, experiments on fix fpecies of this kind of lime (tone, among which was 
the lime (tone of Lena, which had been fent me by Bergman. Two among them only 
aflumed by calcination the brown colour which chara£terifes manganefe, and underwent 
comparative eflays with the lime (tone of Lena. 

Independant of the poor lime (tone indicated in that memoir, namely, thofe of Lena» 
Brion, in the department of Saont et Loire, at the diftance of five kilometres, from Autun, 
and of Morex, near Geneva, I am at prefent acquainted with two others, viz. i« that 
employed at Met;^ in the works under water^ of which the analyfis was made in the 

courfe 



eourfe of the polytechnic fchool in the year 6 ;* and, 2. that which Smeaton, con* 
ftrud^or of Eddyftone light-boufei has defcribed in hie account, which was obtained 
from Aberlhaw, in the county of Glamorgan.. BibK Britanique, September, 1796, 
page I02. 

I have no doubt but that ftones of the (artie quality may be found m Ifiany othet places, 
and in the tctritory of the French republic f , that is to ftiy, corttaining ih^ngancfe, and 
natUrally mixed with a quantity rather coniidlnrable of files dnd klutAine \ for It iis evident 
that this laft condition contributes to afford a poor lime flone, of moftar, nearly pfepaKd 
by nature, and uftfit to be mixed with any confiderable quiitlthy 6f Ca'tid, or cement, Or 
other drf matter. 

Artificial Water Lime {Chaux Afaigre). 

I have long ago propofed to ufe, in cafes when the natural lime (lone Is not to be had, a* 
mixture of four parts of grey clayi and fix of the black oxide of manganefe, with ninet; 
parts of good lime ftone reduced to a powder. 

'i^his mixture, after having been well calcined and cooled,, is worked to the confiftencc 
of foft pafte, with fixty parts of filex. 

In the laboratory of the polytechnic fchool is preferved a ball of this mortar thu^ pre» 
pared, according to the above proportions, at the fitting of the 29 Pluviofc, in the year 5^ 
which was immediately thrown into water, where it hardened, and acquired the fpccific 
gravity of 2.231. 

A very good water lime may be .procured ftill more cheaply by mixing, with common 
quick lime, a certain quantity of the white iron ore, which is found plentifully, and is in 
great part comppfed of carbonate »f lime with manganefe, more efpecially thofe whicb 
are poor in iron.. ^ 

It is pofTible, as De Saufiure obferves In his travels in the Alps, fhat ther€ may be (tones^ 
which though they contain no manganefe, may from fome other particulars Of their com* 
pofition, nevertheless aflfbrd lime capable of hardening under water, fuch as the a(hes Cen- 
dree of Tournay, mortar made with the trafs of the Hollanders, &c. But this in no re* 
ipe& weakens the refults of obfervations and experiments on the efficacy of the oxide of 
manganefe ; as for inftance that of common mortar, which without this addition would 
immediately become difiufed in water, but hardens very fpeedily when a certain dofe of 
diat oxide enters into its compofition. Mr. Smeaton here afibrdis us ah important remark,, 
namely, that balls made of lime and fand well worked together, and then put into water^ 
were deftroyed, whatever were dieir proportions (Loco cit.) 

* In this malyfis it wmt fioimd^to contain in tke hundred carbonic acid 39.0} Ismt 44.5 $, fikx 5.25 ; 
almniae 1.25> manganefe 3.5 j oxide iron 3.2} tratcc 2.25 } loft 1.05. 

f Citizen Lomet found a quarry at Sstintrails, in tht department of Lot-et-garon^ which, hat been fuc- 
cftfully employed In building under water. 

Concerning 
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Concerning Beton^ or Water Cement* 

Every compofition of mortar intended to hold under water> and capable of beconun|f 
almoft inftantly folidi 4s called in French Beton. 

This water cement may be made in feveral manners : i. the mortar Loriot, if well made, 
holds very well under water. I have ufed it in the walls of a terrace through which there 
was not the fmalleft filtration. I have a mafs of this mortar hollowed out into a bafon^ 
which when filled with water, and placed on a (beet of paper, does not (how the flighted 
trace of moifture. 

The mortar Lafaye hardens lefs fpeedily, but when once it has become folid, it holds 
water very well without being foftened. 

3. The mortar fpoken of by Smeaton, compofed of equal parts of lime and trafs, or the 
volcanic aihes of the Hollanders, is a true water cement, as it does not yield at all to that 
fluid. 

4. The compofitions of mortar with Pouzzolana may alfo be ufed under water, atid 
when once indurated, they furpafs all others for the hardnefs and refinance to the motions 
of the waters. 

The mofl: common water cement is made with the poor lime flione, or water lime. It 
is formed into prifms in hard pafte, which are let down into the water, and form a wall, 
or otherwife this material is poured between {wo walls, at the diftance of 2 1 or 22 metres 
afunder, in the manner of coffer work, for the purpofe of forming a fuitable defence or 
inclofure for waters in parts of canals above the furface of the ground. 



Methodj offupplying the Want of Pouzzolana. 

Pouzzolana is a volcanic fand which is brought from the environs of Naples. Though 
tlie fuperiority of niortar formed with this material is well known and determined, yet it is 
often neceflarily difpenfed with on account of the expence of carriage, which fo greatly 
enhances the price. 

But as we are well acquainted at prefent with a number of extind volcanos in France^ 
we may find an abundance of materials to fupply the place of the Pouzzolana* The expe- 
riment was made in 1787 by Citizen De Ceflart, engineeri charged with the conftru£lion 
of the cones of Cherbourg. In the month of Auguft of that year I fent him about i j- 
kilograms of the extin£l volcano of Drevin in the department of Saone-et-Loire« 

The bafaltes was firft heated in a fmall reverberatory furnace, then thrown red-hot Into 
water, and (lamped and fifted, fo that the largefl: grain did not exceed the Cze of a pea. 
The following are the refults of experiments on mafonry cohftru^led with this cement of 
bafaltes, compared with another cement from the Italian Pouzzolana, according to the 
letter of Citizen Coflart, dated Feb. 12, 1788. 

«*In 
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*< In order to afcertain perfe£^ly the tenacity of this cement, I caufed moulds to be m^de 
fix inches in lengthy fix in width, and four in thicknefs, forming fmall mafles of 144 cubic 

inches. 

<* Compofition of the cement, 180 cubic inches of bafaltes, 73 of lime flaked (fufee \ la 
romaine) 93 inches of fpring water, and 288 (tones of granite of the fize of a nut, the 
whole forming a cube of 534 inches. 

^ Two moulds of a 144 inches each were filled with this compofition. One of thefe 
was immerfed in the fea for 76 days, the other remained in the air for the fame time. 

** When the tenacity of this mafonry was to be tried, the extremities of thefe mafles 
were placed on the edge of a piece of iron : each of them was loaded with a kind of wooden 
trough, very narrow at bottom, placed acrofs the middle of the mafs, and gradually loaded 
with balls of lead. 

'' The fame operation was formed with two fimilar bricks of Italian Pouzzolana, havmg 
the fame proportions, and having remained likewife 76 days in the fea. It fuppprtcd 123 
pounds before it broke, whereas the piece which remained 76 days in the air, broke under 
a charge of 7 1 pounds." 

All thefe proportions, as the writer obferves, are infinitely too fmall to eftablifh an exa£l: 
ratio, but it may neverthelefs be concluded, that the Pouzzolana bafaltes of Burgundy is 
nearly as good as that of Italy, which comes to us by Toulon. 

Citizen Ceflart in the fame letter, demanded fix thoufand weight of this Pouzzolana to 
repeat Kis experiments on a larger fcale ; to which it appeared, that the difficulties and ex« 
pence of tranfportation were at that time an obftacle. But this would no longer be any 
impediment ; as the canal of the Saone and the Loire is in full navigation, and the extin- 
guiflied volcano of Drevin is no more than one myriameter diftant from it. 

Another material (till more common than bafaltes, and which may fometimes be a fub- 
fiitute for pouzzolana, is the afhes of pit coal, provided it be a heavy cakeing coal, leaving 
behind it rather a fcoria than a cinder. 

I likewife fent this article to Cherbourg in 1787, under the name of light pouzzolanay 
to diftinguifh it from that which was made wich bafaltes. It was fubmitted to the fame 
comparative experiments, and afforded the following comparative refults, as is (tated in the 
letter of Citizen CeflTart. 

^* The bricks which had remained 76 days in the air, fupported charges of 115 and 137 
pounds before they broke. 

<* The fame blocks immerfed in the fea likewife for 76 days, broke with 48 and 30 
pounds, confequently they had loft their confiftence in the water of the fea.'^ 

We obferve, that mortar made with this afhes is evidently fuperior to that formed with 
the pouzzolana of Italy, as its tenacity is almoft double. It cannot indeed be employed 
under water like the cement of water lime, but it is probable that it would fucceed very . 
well in works which are conftru£ted dry, and are not to receive water until they have ac- 
quired folidity. 

Vol. v.— June I Boi. <i^ With 
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With this view I pointed out this preparatioh for the mafonry of the inner faces of the 
canal of Saone-et- Loire, ^ich were precifelj in this condition, and near which there were 
confiderable mafics of this matter afforded by the fires of a glafs-houfe. 

ADDITION. 

Citizen Monge, who viiited the ruins of Cefarea, of which the hiftorian Jofephus has 
given fo magnificent a defcription (Cxfarea Stratonis) at prefcnt abfoluteljr without inhabi- 
tants, affures me, that he could didingulfh in its ruins, by the tafte of the archite£ture and 
the folidity of the mortar, the different ages of the firft conftruftion, and the works fuc- 
ceflively added after the invafion of the Arabs, and during the Crufades. 

** He obfcrved on the fide of the gate at prefcnt in ruins, the remains of a temple con- 
fecrated to Auguftus. Endeavours had been made to fupport the walls in front by coun- 
terforts ftill in being, which in fome places exhibited a concave mould or impreSion of 
ornaments of an exquifite tafte formed of mortar, which had applied itfelf againft reliefs 
which are now no longer in being. 

The (tone of the original (Iruflure was corroded by the weather to a great depth* and 
ikit mortar proje£ted out beyond it. 

He attempted in vain to break off a piece. It was of a very fine and equal texture, ap« 
parently compofed oi fine fand and very little lime well blended together. 

I thought that this obfervation might be received with pleafure at the end of the prefent 
flocmoin 



VI. 

On thi Combinations of the Metals ivith Sulphur^ by CiT. VjkVQVMLin^. 

VV £ ni^y divide the combinations of the metals with fulphur into three orders, namely, 
firft metals and fulphur,* which are combinations properly denominated metallic fulphurets, 
or fulphurated metals. Nature and art prefent many famples of this kind. 2. Metallic 
oxides^ and fulphur; thefe ought to be called fulphurated metallic oxides, or oxided metallic 
fiilphurets« They are alfo very common in nature. 3. Metallic oxides with fulphur and 
hydrogen^. Thefe triple combinations are called metallic hydro-fulphurated oxides. 

If the fubftance which predominates in thefe difierent combinations be taken as the bafe 
of the nomenclature> we (hould reverfe the order of the comihon denominations ^ for in 
die fimple fulphurets the mafs of metal always predominates, and fo likewife in the ful- 
phurated oxides ; but in the hydro-fulphurets at firft the metals, then the fulphur, and 
afterwards the hydrogen predominate. 

» Aanilei deChymit, XXXVIL ST.. 
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So that inftead of metallic fulphurets, oxided metallic fulphurets and metallic hfdro- 
fulphuretSy we ought to fay fulphurated metalsi fulphurs^ted metallic oxides^ and fulphurq- 
hydrogenated metallic oxides. 

But cuftomhas predominated in chemiftry, either becaufe the preference has been dic- 
tated by the facility of pronunciation! or becaufe the terms themfelves are lefs har(h. This 
however is of no great importance, as it is fufficient that the elements of bodies (hould be 
cxpreiTed by their names, and the value of thefe names fhould be precifely underftood. 

Concerning the adion of the acids on the metallic fulphurets* 

Sulphuric acid. ^ 

Whenever the fum of the affinities of oxigen for a metallic fubftance, and of the me- 
tallic oxide formed by the fulphuric acid, exceed thofe of the metal for fulphur, and of 
oxigen for the fulphureous acid, there is conftantly a decompofition of the metallic fulphu-^ 
tets ; and the refult is a metallic fulphur and fulphurous acid. All thefe conditions are not 
Qonftantly neceflary, but every one of them concurs in accompliOiing the new combinations 
which are formed, and accelerating the procefs. * There are neverthelefs cafes, in which 
for want of one of thefe conditions no adion takes place between the bodies. 

The fulphuric acid for example, decompofes the natural fulphurated oxide of iron» or 
jnartial pyrites very well, but the muriatic acid cannot dccompofe it, becaufe the fulphur 
in this cafe is not attracted by any body, whereas in the other cafe it is attra£ted by the 
fulphuric acid, which it converts into fulphuric acid ; iox though I am afTured by paany 
fa£is, that the iron in martial pyritea is oxided nearly to the point at which it is eafily fo« 
• luble in acids, neverthelefs ihpfe compounds cannot be decompofed without the formatioti 
of a great quantity of fulphurous ^cid. 

This opinion is confirmed by the conditions required for the fuccefs of the operation. 
In fa£):, the complete decompofition of pyrites is not effeded but by means of heat, and a 
large quantity of concentrated fulphuric acid ; for it is evident, that in this cafe the acid is 
required not only to faturate the oxide of iron, but alfo the fulphur. I might alfo urge in 
pr^f of the fame opinion, the greater affinity of the muriatic acid for the oxide of iron 
which it cannot neverthelefs f$parate from the fulphur in thofe circumftances. It ^may 
feem aftonifhing, that the nitric acid, which has a lefs affinity with iron, (hould neverthe- 
lefs decompofe the martial pyrites with fo much eafe \ but we muft not deceive ourfelves 
in this refpeA^ by fuppofing that the acid takes the oxide of iron from the fulphur by a 
ftronger affinity, for it is on the contrary, by giving a new quantity of oxigen to that fub- 
fiance,, that its affinity for the fulphur is renaarkably diminiOied. The fulphur does not 
unite in h€t with iron oxided to the maximum, and if by any peculiar procefies thefe 
fttbftances become combined, a portion of oxigen is then feparated. 

Though the muriatic acid cannot decompofe the fulphurated oxide of iron, it decom* 
pofes on the contrary with the greateft facility the fulphuret of iron, in which the metal 
is not oxigenated. But in this cafe three forces zGt at once, naqnely, that of the iron on 

Qj^ the 
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the oxigen of the water, that of "the fulphur on the hidrogcn of the fame fubftancc, and 
that of the metallic oxide formed by the muriatic acid. Under thefe circumftances fulphu- 
rated hidrogenous gas is condantly difengaged. 

^ The fulphuric acid which does not decompofe the fulphnrated oxide of iron, unlefs it be 
concentrated and boiled, decompofes th^ fulphuret of iron in the cold, and the more eafily 
when diluted with a certain quantity of water. The reafon of this is evident, and need 
sot be explained. 

Though a great quantity of water is inimical to the aflion of the acids upon metallic 
fulphurets in general, it is however lefs fo with regard to iron than other metals, becaufc 
fulphurattd hidrogeu does not decompofe the fotutions of iron in acids* 

Concerning the Sulphur ct of Lead, 

In the natural fulphuret of lead or galsena the lead exifts in the metallic flate, for whidi 
reafon when this mineral fubftance is put in contact with muriatic acid, fulphurated hidro- 
gen is formed even in the cold. It appears even when fulphur is united to the oxide of lead- 
That metal lofes its oxigen to unite to the fulphur for the combination by this means ob- 
•tained,. is perfcftly fimilar to natural galena. It is eafy to conceive how the reduftion of 
this lead is obtained in this procefs : a portion of the fulphur combines with the oxigeiL, 
and forms fulphuric acid, which is driven off by the heat, while another portion of the 
fulphur unites to the metallic lead. The redu£lion of the lead, and the formation of galena 
take place nearly in the fame manner, when a folution of this metal in an acid is mixed 
with afolntion of fulphurated hidrogen, or any hydro-fulphuret whatever. There is how- 
ever this difference, that in the laft cafe it is hidrogen^ which takes oxigen from the lead, 
and forms water at the fame time that the fulphur and the metal, which meet in a very 
extreme (late of divifion, combine without heat in the mid ft of the fluid. There is alfo 
another difference, that the galena formed by this procefs contains a little more fulphur 
than the natural compound, as is proved by the fmall quantity of fulphur which is fepa-* 
rated from that fubftance by a very gentle heat, and then leaves a compound in a ftate 
abfolutely fimilar to that of common galena. 

From thefe fa£ls it refults that the muriatic acid, and probably all the acids which a(9: 
upon the oxide of lead by their mafs and their concentration, do lofe their lead by the 
a£lion of the fulphurated hydrogen, as foon as thefe two forces, or even one of them is 
weakened ; but whatever may be the quantity of acid united to lead, or any other metal, 
the decompofition of the fait will take place, if any hydro-fulphuret be employed in fuffi- 
cient quantity. 

We cannot be furprized at the diminution of the aflinities of the acids for the metallic 
oxides by water, nor their more powerful adlion on thefe fubftances by their mafles. . 
Antimony, mercury^ bifmuth, and lead itfelf, afford ftriking examples of this. 

We know in faf^, that by mixing a great quantity of water with their concentrated folu- 
ttens, very confiderable precipitates are fcrned^ . which have been erroneoufly taken for 

pur# 
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pure metallic oxides, but which are really falts, containing a portion of add too ftrongfy 
adherent to be feparatcd but by means of an alkali. 

We may therefore confider the combinations formed by thefe metals, and probably by 
many others likewife with acids as neutral falts, diflblved in a fuperabundance of acid, 
which is taken from them by water,, when the falts arc precipitated in a truly neutral and 
ihfoluble (late. 

From the manner in which the muriatic acid afts upon the metallic fulphurets, it follows, . 
that the more oxigen is abforbed by the metals, in order to unite with this acid, the lefs of 
fulphur will remain after the folution, and the contrary ; but if thefe metals abforb but 
little oxigen, if they contain much fulphur, and if alfo their aflinlty for oxigen be not con- 
fidefable, the whole of the metal will not be feparated from the fulphur by the muriatic 
acid,- bccaufe in proportion as this combuftible body became more abundant, it oppofes 
the folution of the metal by virtue of its mafs; this is the rcafon why certain metallic ful- 
phurets, which are not attacked by the muriatic acid, are decompofed by it, when a por* 
tion of their fulphur has been feparated in diftillation. 

The mode of aftion of the nitric acid upon the metallic fulphurets is very different from 
this, for though the fulphur is not in this cafe attracted by any body, it is neverthelefs 
completely feparatcd from the metal, and thrown.down in all its purity, if the experiment 
be properly condufled : but if the combination of the nitric acid with the metal be not 
aided by hidrogen, that takes place with the muriatic acid, it gives out to the metal a por- 
' .tion of oxigen much more readily than water; and it is in confequence of this affinity of 
the oxigen for the metal, and of the oxide which Is formed for the undecompofed acid, 
ivhich is effected by the fohitlon. Thus every time that metallic fulphures are decompofed 
by the nitric acid, there is a conftant formation of nitrous gas, and never of fulphurated 
hidrogen. . 

It appears that in general -fulphur has a greater affinity for the metals than for then: 
cxldesy and that this affinity diminiffies in proportion to the quantity of oxigen they ab- 
forb : they are fome which do not even combine with fulphur, except in the complete 
metallic (late ; thus for inftance, on triturating fome oxide of lead with fulphur, a portion 
of the latter deflagrates, and the other combines with the lead, which is brought to the 
metallic (late. 

Hence it appears that zinc does not combine with fulphur when it Is completely metallic, 
at lead nature has not hitherto afforded us fufficient examples, and art has not fucceedcd in 
efie&ing the combination of thefe two fubftances. What is known in mineralogy under 
the name of blende^ or fulphurated zinc, has been improperly confidered by fome 
nptlneraloglfts as a combinaion of metallic zinc with fulphur. It is, on the contrary, oxide 
of fulphurated zinc, which very frequently contains hidrogen ;. fori the blendes almoft 
always diffolve in the acids, and produce fulphurated hidrogen gas. Thus a tranfparent 
blend which a£);s in this manner with the acids, ought to be confidered as a real oxide 
of hi4ro-fulphurated zinc> or rather fulphureo-bidrogen. There may; be oxides of zinc 
3.: fio)ply 
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fimply fulphuratedy and thefe will then be two fpecies of minerals very different In their 
nature ; the one diflblves in the fulphurk and muriatic acids without efiervefcence, and 
the other, on the contrary, affords a greater or lefs quantity of fulphurated hidrogen gas. 

Mercury, in a metallic date, does not very intimately conabine with fulphur ^ ethiops 
mineral appears to be rather a mixture than a real combination ; but when this oxided 
metal is combined with fulphur, as in cinnabar, for example, it adheres fo ftrongly, that 
no fubftance is capable of direftly decompofing it ; and it is only by altering one or the 
other of thefe principles that their feparation can be eflSsded, or rather it is neceflary 
to burn the fulphur or difoxide the mercury *, cinnabar owes its fine red colour only to the 
great quantity of oxigen which the mercury contains. ) 
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■On the Precipitate firmed by mixing Muriate of Lime and Muriate of Magnefia, Bf 

W. Lamsb, M.A, 



To Mr. NICHOLSON. 



S I R, 



H 



AVING difcovered, what I conceive to be, the true explanation of the appearance 
of a precipitate by mixing the muriate of lime and magnefia, I take leave to communicate 
it to you.- All the accounts I have met with on this fubje^l are erroneous \ and that offered 
by the celebrated Berthollet is as much fo as any (Journal, IV. 67). To refute it, I need 
only mention a fingle fad. Let the carbonate of magncGa, before dlffolving it in the 
-muriatic acid, be thoroughly deprived of its carbonic acid by heat, and then there will 
-"be no precipitation by mixing the two falts. To the carbonic acid, then, is this ap- 
pearance to be attributed, of which the carbonate of magnefia cannot be wholly deprived by 
^he addition of fo much muriatic acid as will produce an apparent faturation. 

Diffolve fome common magnefia in a folution of carbon ic^acid in diftilled water. To 
the clear folution add a little muriate of lime, and a precipitate is immediately formed^ 
entirely fimilar, I believe, to that in queftion. If the liquor be examined after fome days^ 
-carbonate of lime is found d^olved in it, inftead of carbonate of magnefia. It feems, 
then, that thefe precipitates are formed by an interchange of principles between carbonate 
of magnefia and muriate of lime, and confift of carbonate of lime and muriate of magnefia. 
The liquor, by evaporation, depofits a cryftalline matter, which effervefces with acid, and 
probably is compofed of the fame falts in different proportions. 

Laftly, put fome of the precipitate in the nitric or muriatic acids. It diffolves flowly, 
with a gradual extricatioa of air bubblesi and adding acid enoi^h, it may be wholly con- 

4 verted 
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verted into deliquefcent falts; but a good deal of acid is necd&ry for tlus purpofe. 
£?en diftilled vinegar has this eSe£t in part. 

I intended to repeat thefe experiments with greater care and exad^nefs, with a view to 
the improvement of the analyfis of mineral waters ; but having been diftra£^ed by other 
occupationsi I beg your acceptance of them for the ufe of your valuable Journal, if you 
deem them of fufficient confequence. ' Before I conclude, I will take the opportunity of 
correAing another error which, I believe, pervades the mod recent chemical works* It is 
this :— -Ammonia is faid to decompofe fulphace of magnefia only in part : but this, alfo, is 
owing to the ammonia not having been wholly deprived of carbonic acid. I precipitated 
the whole of the magnefia from fulphate of magnefia, by ufing ammoniacal gas in excefs* 
I then filtered the liquor, and boiled it with a fixed alkali ; but I only obtained a little 
lime, difcoloured feemingly with oxide of iron* 

I am, SIR, 

With great refpeft. 

Your obedient fervant, 

Warwtcl, May 23, 1801. W. LAMBE; 
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Gratuitous Anal^is of Minerals^ by the Britijb Aftner^hgical Society. 



I 



HAVE received the following addrefs by poflr, which I give without abridgement or 
alteration. — W. N. 

The immenfe importance which, at all times, and particularly at prefent, is attached 
to improvements in agriculture, and the liberal encouragement to experiments in the art 
of cultivating the land offered by the patriotic views of the Board of Agriculture, have 
rendered it a defirable objed to affift the inquiries of the farmer in that part of experimental 
chemiftry which determines the nature of foils by an analyfis of their feveral contents. 

The Britifii Mineralogical Society, having of late increafed the number of their members,, 
find themfelves enabled to extend the plan of their inftitution, from the analyfis of rmnerals^. 
in the ufual fenfe of the term, to that of the various foils which are made the bafis of. 
agricultural operations* 

They therefore give this public notice that they will examine, free of expence, all 
fpecimens of earths or foils, with a view of determining the nature and proportion of their, 
different contcntSi with as much accuracy as (ball feem requifiie.. 

They. 



tto Scienilfie Nwt, Ate&unis tf JSookx^ 

They require, liowe?eri that the perfons fending fpecimeds (hail comply with the toU 
lowing conditions : 

That the fpecimen be about three or four pounds in weight, inclofed in a deal box pro- 
perly packed with hay, and along with it an account be added of the parilh and county 
from which it is procured, the name of the fender and his addrefs per poft, and an anfwex 
to the following queries— —What is the depth of rfie foil ?— What the nature of the fub- 
foil ?— -is it on a hill or level ground ? and, if the former, what is the afped ?— how near 
to any river or ftream ? — and is the foil itfeif dry or fpringy ?— what is the rotation of 

crops which it ufually bears? — ^has it ever been limed or had any other earth laid on ?^ 

Any other particulars worthy of notice msfy alfo be added, and a fpecimen of the fub-foil 
fiiould all be inclofed. 

Before the fpecimen is packed up, it (hould be gently dried, either in the fun or in any 
warm place, for a few days, but muft on no account be heated over a fire. 

The box containing the fpecimens muft be fent carriage paid to Mr. W. H. Pepys, Jun. 
No. 24, Poultry, London. 

The fociety intend, if confiftent with their other occupations, to return the refult of the 
analyfis within two months of the arrival of the fpecimen. 

Xondon, Jpril 16, 1801. 



Tour Effays on PraBical Mechanics \ ihefirfi on Water Wheels \ the fecondon the Steam Engine i 
the third on Afills ; and the fourth on the Simplijication of Machinery. By Thomas Fen wick. 
Coal Viewer. 8vo. p. 84. Newcaftle upon Tyne, printed for the Author, and fold by 
Mawman, London. 

THE particular advantage of this treatife is, that it is written with fuch plainnefs that 
the inftrufbions it contains may be carried into effed by thofe whofe acquifitions extend no 
fartlier than the firft rules of common and decimal arithmetic ; in acTdition to which, as 
the fa£ts are all deduced from obfervations and experiments on a large fcale of a£lual work^ 
all defcriptions of men may receive advantage from his data refpeAing mills, fteam 
engines^ &c« 





Oo 






DO 














«x.~-L*; 









. . I 



\ .. 

\ 



i \ • 



JOURNAL 



O F 



NATURAL PHILOSOPHY, CHEMISTRY, 



AND 



THE ARTS. 



jULr, 1801. 



ARTICLE L 

Outlines of Experiments and Inquiries refpeBing Sound and Light. By Thomas Young^ 

M.D. F.R.S. 



(Concluded /rom page 91.) 
XnL Of the Vibrations of Chords. 



B 



^T a fingular bverfight in the demonftration of Dr. Brdok Taylor, adopted as it has 
been by a number of later authors, it is aflerted, that if a chord be once infleded into any 
other form than that of the harmonic curve, it will, fince thofe parts which are without 
this figure are impelled towards it by an excefs of force, and thofe within it by a deficiency, 
in a very (hort time anive at or very near the form of this precife curve. It would be eafy 
to prove, if this reafoning were allowed, that the form of the curve can be no other than 
that of the axis, fince the tending force is continually impelling the chord towards this line* 
The cafe is very fimilar to that of the Newtonian propofition refpedling found. It may 
be proved, that every impulfe is communicated along a tended chord with an uniform 
velocity 5 and this velocity is the fame which is inferred from Dr. Taj^lor's theorem ; juft 
as that of found, determined by other methods, coincides with the Newtonian refult. 
Vol. v.— July i8©i. R But, 
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But, although fcvcral late mathematicians have given admirable folutions^ of all poflible 
c7res of the problem, yet it has ftUTbeen fuppofed, tUat the diftin£Wons were too minute 
to be actually obferved ; efpecially, as it might have been added, fince the inflexibility of a 
Vire would dTTpofe it, according to the dodrijne of elaftic rods, to aflume the form of the 
harmonic curve. The theorem of Euler and Dc la Grange, in the cafe where the chord is 
fuppofed to be at firft at reft, is in tSzQt this: continue the figure each way, alternately on 
different fides of the axik, ancf in conVrary petitions s theii^, from any point of the qvxsc^ 
take an abfcifs each way, in the fame proportion to the length of the chord as any given 
portion of time bears to the time of one femivibration, and the half fum of the ordinates 
will be the diftance of that point of the chord from the axis, at the expiration of the time 
given. If the initial figure of the chord be compofed of two.right liiie9» at gencfally hap-* 
pens in mufical inftruments and experiments, its fucceffive fornrt \«^in be fucK as arc rc- 
prefented in Plate VI. Figs. 47, 48 : and this refult is fully confirmed by experiment. 
Take one of the loweft ftrings of a fquare ]|>iati'o forte, round which a fine filvered wire is 
"wound in a fpiral form ; contract the light of a window, fo that, when the eye is placed in 
a proper pofition, the image of the liglu^ may appear fm^tl, bright, and well defined, on 
each of the convolutions of the wire. Let the chord be now made to vibrate, and the 
luminous point will delineate its path, like a burning coal whirled round, and will prefent 
to the eye a line of light, which, by the afllftauce of a mifcrofcope, may be very accurately 
obferved. According to the different ways by which the wire is put in motion, the form of 
this path is no lefs diverfified and amufing> than the multifarious forms of the quiefcent 
lines of vibrating plates, difcovered by Profeflbr CHiladni, and is indeed in one refpe£l even 
more interefting^ as it appears to be more within the reach of mathematical calculation to 
cletermine it ; although hitherto, excepting fome flight pbfervations of Buflle and Chladni^ 
principally on the motion of rods, nothing has been attempted on the fubje£l. For the 
prefent purpofe, the motion of the chord maybe fimplified, by tying a long fine thread to any 
part of it> and fixing this thread in a dire£tion perpendicular to that of the chord, virithout 
drawing It fo tight as to increafc the tenfion : by thefe means, the vibrations are confined nearly 
to one plane, which fcarcely ever happens, when the chord vibrates at liberty. If the chord 
be now infle£led in the middle, it will be found, by comparifon with an obje£l whIcR 
marked its quiefcent pofition, to make equal excurfions on each fidd of the axis ; and the 
figure which it apparently occupies will be terminated by two lines, the more luminous 
a(S they are nearer the ends, Plate V. Fig. 49. But, if the chord be inflected near one of 
its extremities, Fig. 50, it will proceed but a very fmall diftance on the oppofite fide of 
Ae axis, and will thete form a very bright line, indicating its longer continuance in that 
pbce ; yet it will return on the former fide nearly to the point from whencfe it was let gOy 
but will be there faintly vifible, on account of its (hort delay. In the middle of the chord^. 
the excurfions on each fide the axis are always equal -, and, beyond the middle, the fame 
circumftances take place as in the half where it was inflc£ted, but on the oppofite Gde~ of 
die axis \ and this appearance coiuinnea unaltered iu its proportions, as long as the'chord 

vibrates 
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unhrtdtB at. all : iujly- coafirming the |u>n*exifteac& of the harmoolc cutre, and,the ap^urjapy 

of the con(lra£^ion of £uler and P^ la;Grange. At the faine time, as M« Bernouilli h^s 

311AI7 ohfenred, fince every figure may .be infinitely approximated, -by cpnfijdeTiijg. i);s 

(Oedinates as compofed of the.ordip9.tfi8 of an infinjite number of trochoids of dffferei;>t ,P>^« 

Aitades, it may be demonjftrsted, that all thefe conftituent curves would revert to their 

initial (late, in the. fame time that a fiirnilar chord bent into a trochoidal curve wouldp^r- 

•form a fingle. vibration ; and this is in fome refpe£ts a convenient and compendious mctbo/1 

of conlidering the problem. But, when a .chocd. vibrates, freely,, it neyer rei;nains Ion|^in 

motion, without a .very evident departure from the plane of the vibration ; and, whether 

from the original obliquity of the impulfe, or from an interference with the ceQediled 

, vibrations of the; air, or from the ^lequabj^ty.of its own weight or flexibility, or. from the 

.immediate tefiftance of, the particles of aiv ^.contafl with it, it is thrown in^oavej^y 

-evident rotatory jnotiotiu more or lpi]s fimple and uniform according to- circumftance^. 

-Some ipc;cimea8..of the figures of the prbits,£f chprds 2^re jtxhibited in Flate.V. Fig*'^^4« 

At the. middle of the chord} Xu orbit jbis always two equal halves, but feldom at .any .o^r 

point. • The .curves of, Fig. 461^1 are (}ciO;rib^d. by, qombining togetijier various cii;cfj^r 

-motions>.fuppo&d:toi.be.peifoxmed in. aliquot parts, of the primitiye-prbit: ^nd (pmi^^pf 

: them approach nearly .to. the. figures a£%u;iUy obferved.' - When th&phqrjd fs .of upf^i/ftl 

-thicknefs,'.oc whei itis loofely tended, apd forcibly. infleAfid, the apfic|esjaxfd«.dQ^hle^£pinfs 

of the orbits have. a. very, evident jotatpry motion. The compound rotations feem fo 

ffdemonfirate^o the eye the exiftcnqe of feoo^d^i^r vib|ratipns,. and to accpunt for tj^eaijfijte 

rhacmonic founds ^which gepej^Uyatfeiid the ; fundamental found. There is one fa&rp^ 

..fpedliag tl^fe fecottdary. t^oti^fii ,wbich^^e.p9f^.jnt^ely to haveefcaped obferva^ion.^ jif, a 

, chord fbeinis&efliat/ocienhalf, one-thir^i or any other ^iquot ipart of its length, an^ t^n 

-fiiddefily leftat liberfy, the harmonic, note w)uch wpfuld be produced by dividing. t^xhofd 

. at that point is iotirely loft, and ia not to be. diftinguiftied, during any part of the con- 

' tinuance of the found. This demonftrateS) that the fecondary notes do not depend uppn 

^any interfeseoce of: the vibraticfns.of the air with each other, nor upon any fympathetic 

. agitation of auditory fibres, nor upon any effe£b of refle£led found vpon the chord, but 

.'jnerely: upon ita initial, figure, and; mot ion. .If.it were fuppofed that the chordj^ when in- 

: fie£^d into right lines, refolved it&If oeceflarily, into a number of fecondary 2 vibrations, 

- according to fome curves which, when properly combined, would approxii^ate jto the 
figure given, the fuppofition would indeed in fpme refpedts cprrefpond with the^baenome- ^ 

- aon related ; as the coefficients i»f all the curves fuppdfed to end, at the angle of . i^i^£Lipn 
' wouki vanifli. But, whether we trace the conftituent curves of fuch a figure thrpugh the 

9ariou8:ftagee of .their vibrations, or whether we follow the more compendious, method of 

Euler tb^thetfame purpofe, the figures refulting from this feries of vibrations are in fa£^ fo 

'^ fimple^ that it leems inconceivable how the ear (hould deduce the complicated idea of a 

. munbcr pf heterogeneous vibrations, from a motion of the particles ojf air which muft be 

R 2 ^ extremely 
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extremely regular, and almoft uniform j an umforrrtiiy which, when proper precauiions 
are taken, is not contradifted by examining the moiion of the chard with the afhnance of 
a powerful magnifier. This difficulty occurred very ftrongly to Euler; and De )a Grange 
«ven fufpcfls fome fallacy in the cuperimcnt, and that a mufical ear judges from previous 
aObciation. But, bcfides that thefc founds arc difcovcrablc to an car dediiute of fuch 
aflbciafions, and, when the found U produced by two ftrings in imperfcfl unifon, may be 
verified by couitting the number of their beats, the experiment already related is aii un- 
deniable proof that no fallacy of this kind cxifts. It mufl be confeflcd, that nothing fully 
fatisfaflory has yet occurred to account for the phenomena ; buf it is higlily probable tUitt 
the flight increafe of tenfion produced by flexure, which Is omitted in the calculations, and 
the unavoidable inequality of thicknefs or flexibility of different parts of the fame chord, 
may, by difturbing the ifochronifm of the fubordinate vibrations, caufe all ihat variety of 
founds which is fo inexplicable without them. Tor, when the flightett difference is in- 
troduced in the periods, there is no difficulty in conceiving how the founds may be diftin- 
guifh^d ; and indeed, in fome cafes, a nice car will difcover a flight imperfcflion in the 
tune of harmonic notes: it is alfo often obferved, in tuning an inftrument, that fome of 
the (ingle chords produce beating founds, which undoubtedly apfc from their want of pcr- 
fefl uniformity. It may be perceived that any particular harmonic is loudefl, when the . 
chord is inflefled at about one-third of the correfponding aliquot part from one of the ct- 
tremities of that part. An obfcrvation of Dr. Wallis feenis to have pa ITed unnoticed by 
later writers on harmonics. If the firing of a violin be llruck In the middle, or at any 
other aliquot part, it will give either no (bund at &1I, or a very obfcure one. This is true, 
nqt of inHe£lion, but of the motion communicated by a bow ; and may be eiplamed from 
the circumftance of the fuccefllve impulfes, rellefled from the (ixc:d points st each end, 
dcfltoyini each other : an explanation nearly analogous to fome cbfervaiions of Dr. Mat- 
thew Young on the motion of chords. When the bow is applied not cxaflly at the aliquot ■ 
point, but very near it, the correfponding harmonic is extremely loud; and the funda- 
mental note, efpccially in the lowert harmonica, fcarcely audible: the chord affumes the 
appearance, at ihe aliquot points, oF as many lufc'id lines as cotrefpond to ihe number of 
the harmonic, mote nearly approaching to each other as the bow approaches more nearly 
to the point, Plate VI. Fig. ;'. According to the various modes of applying the bow, an 
immeofe variety of figures of the orbits are produced, Fig. 45, more than enough to ac- 
count for all the diiFerence of tone in differenE performers. In obfervations of ihia kind, 
a feticsof harmonics is frequently heard in drawing the bow acrofs the fame patt of the 
chord : thefe are produced by the bow ; ihcy are however not propoitionate to the whole 
length of the bow, but depend on the capability of the porijon of the bowftring, inter- 
cepted between its end and the chord, of performing its vibrations in times which arc 
aliquot parts of the vibration of the chord : hence it would feem, that the bow lakes effefb 
«a the chord buc at one inltant during each fundamcutAl vibratioa. In thefe experitoents, 
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the bov was (Irung with the fecood firing oC,a violin : and, in the preparatory application 
of reGn, the longitydinal found of Chladni was fonaetimes heard; but it was obferved tb 
differ at lead a note in different parts of the firing. 

XIV. Of the Vibrations of Rods and Plates. 

Some experiments were made, with the afTiflance of a mofl excellent praAical muficiany 
on the various notes produced by a glafs tube, an iron rod, and a wooden ruler ; and, in 
a cafe where the tube ^ras aslmuch at liberty as poffible, all the harmonics correfponding to 
the numbers from i to 13, were di(lin£lly obferved; feveral of them at the fame time^ 
and others by means of different blows.^ This refult feems to differ from the calculations 
of Euler and Count Riccati, confirmed as they are by the repeated experiments of ProfefTor 
Chladni ; it is not therefore brought forward as fufEciently controverting thofe calculations) 
but as fhowing the neceihty of a revifion of the experiments. Scarcely any note could 
ever be heard when a rod was loofely held at its extremity ; nor when it was held in the 
middle, and ftruck one-feventh of the length from one end. The very ingenious method 
of Profeffbr Chladni, of obferving the vibrations of plates by flrewing fine fand over them, 
and . difcovering the quiefcent lines by the figures into which it is thrown, has hitherro 
been little known in thi^ country : his treatife on the phenomena is fo complete, that 
ho other experiments of the kind were thought neceflary. Glafs veflels of various de- 
fcriptions, whether made to found by percuffion or fri£lion, were found to be almofb 
intirely free from harmonic notes %, and this obfervation coincides with the exgerimentSi 
ofChladni« 

XV. Of the Human Voices 

The human voice, which was the objje^ originally propofed to be illuflrated by thefe: 
refearches, is of fo complicated a nature, and fo imperfeftly underflpody that it can be. on 
this occafion but fuperficially confidered. No perfon, unlefs we except M. Ferrein, has 
publifhed any thing very important on the fxibje£l of the formation of the voice, before 
or fince Dodart ; his reafoning has fully (hownthe analogy between the voice and the 
voix bummhe and regal organ-pipes: but his comparifbn with the whifUe is unfortuqate ;, 
nor is he more happy in his account of the falfetto» . A kind of experimental analyfis of 
the voice may be thus exhibited* By drawing in the breath, and at the fj^me time pro- 
perly contradling the larynx, a flow vibration .of the ligaments of the glottis inay be 
produced, making a di(lin£i clicking found ; upon increafing the tenjGon, and ^e velocity 
of the breathy this clicking is lofl, and the found becpmer Qontipuous, but of an extremely 
grave pitch: it may, by a good car, be diflinguifhed two odaves below the lowpfl A oC a 
common bafs voice, confiflipg in that cafe of about 26 vibrations in. a fecond. . The fame 
found may be raifed nearly to the pitch of the common vpice ; but it is, never fmootk and 
clear, except perhaps in fome of, thofe porfons called veniriloquills.. When the pitch is 
failed ftiU higher, the ugper orifice of the larynx,^ fbcmed by the fummita oi the. arytenoid; 

cartilages. 






1 
\ 



laiS 



'Experiments »Hd^utritirtfpt8iHg StunJ and Lighf. 



cartilages and (he epiglottis, feems^to fucceed to the office of the lig^cntt of the givttis, 
and to produce a reirogadc falfetto, which is capable of a Tcry great degree t>i acutcti«fs. 
The fame difference probably takes place between the natural »oice and the common 
falfetto : the rimula glotlidis being too long to admit of a fufiicient degree of lenfion for 
Very acute founds, the upper orifice of the larynx foppHes its place i hence, taking a note 
within the-compafs of either voice, it may be held, with the fame enpanfe of air, two or 
three times as long in a falfetto as in a natural voice ; hence, too, the difficulty of pading 
fmoothly from the one voice lo the other. It has been remarked, that the larynx is always 
elevated when (he foutid is acute : but this elevation is only neceffary in rapid tranficioBSf 
as in a fhakc j and then probably bccaufe, by the contraction of the capacity of the trachea, 
all increafe of the pn^JTure of the breath can be nK're rapidly eSf^ed this way, than by the 
a£tion of the abdominal mufcles alone. The reflexion of the found thus produced from 
tht various parts of the cavity of the mouth and nonnls, mixing at various intervals . with 
the portions of ihc vibrations direilly proceeding from the larynx, muft, according to the 
temporary form of the pairs, variouHy aiTe£t the laws of the motion of the air m each 
vibration, or according to Ealcr's cxprcflion, the equation of the curve conceived to cor- 
' refpond with (his motion, and thus produce the various characters of the vowels and femi- 
'^Bwcls. The principal founding board feems to be the bony palate : the nofe, exceptin 
' dafal tetters, affords but little rcfonance ; for the nafal palFagc may be doled, by applying 
the finger to the foft palate, without much alterbg the found of vowels not nafal. A gsod 
car may didinflly obferve, cfpecially in a lotidbafa voice, belidcs the fondamennf note* at 
lead four harmonic founds, in the order of the natural numbers; and, the more reedy die 
tone of the voice, the more eaOly they arc heard. Faint as they are, their origin is by no 
means cafy to be explained- Tins otfervation is precifcly confirmed, in a late diffcrtation 
of M. Knedit, publilhed in the mnfical newfpaperof Leiplic. Perhaps, by a clofc attention 
(o the harmonics entering into the conititutions of various founds, more may be done in 
their analyfis tlian could oiherwife be expected. 

:.l . XVI. Of the T.-mperament of ATufuol Intervals. 

■ '''=It' Would have been extremely convenient for praflical muficians, and wotdd havcAncd 
''mJmyifrarm controverfieB among theoretical ones, if three times the ratio of 4 to 5, oniftur 
times that of j to 6, had been equal to the ratio of i to 7. As it happens to be otbcrwifc, 
it has been much dlfputed in what intervals the imperfefiion Ihould be placed. The 
Ariltbxenians and Pythagoreans were in fome fenfe the beginners of the controverfy. 
Sauveur has given very comprehenfivc tables of a great number of fyliems of temperament \ 
Awi his own now ranks among the many that are rejeClcd. Dr. Smith haa written a large 
and obfcurc volume, which, for every purpofe but for the ufe of an impracticable iDilm- 
mcnt, leaves the whole fuhjefl piecifely where it found it. Kirnbcrgcr, Maipurg, and other 
German writcis, have difputed with great bitternefs, almoft every one for a particular 
method of tuning. It is not with any confidence of fuccefs, that one more aitenapt is 
4 made. 
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made! which reds its chief claim to preference, on the fimilarity of its theory to the a£^ual 
prafiice of the heft inftrument-makers. Hbwercr we eftlmate the degree of imperfeiHon 
> of two tempered concords of the fanie nature^ it will appeaij^ that the n^anner of dividing 
the temperament between tHem does not materially alter its aggregate fum ; for inftance, 
the imperfe£lion ofarcommt-ina majoivdiird, occafions it ta beat very ndarly twice as fad 
as that of half a cOTtima. If indeed^the imperfe£lion were great it might. zfltGt an interval 
fo materially as to deftroy its charQ£ter; aS) in fome methods of temperament, a minor 
third diminilhed by two commas approaches more nearly tq the ratio &* 7, than to 5:6; 
but, with this limitation, the fum of liai^mony is nearly equal-in all (yftems. Hence, if every 
one of the twelve major and minor thirds occurred equally often in the compofitions which 
are to be performed on an inftrument, it would be of no great confequence, to the fum 
of the imperfections, among which of the thirds they were divided: and, even In this 
cafe, the opinion of the bed praCtTcal authors is, that the difference of chara£ter produced 
by a difference of proportions In various keys, would be of condderable advantage in the 
general effe£b_of modulation. But, when it is confidered, that upon an average of all the 
mufic eref compofed^ fome particular keys occur at lead twice as often as. others^ there 
feemv to- be a very^ ffrong additional reafon for making the harmony the mod perfed 10 
thofe keys which are the mod frequently ufed; fince the aggregate fum of all the imptrfeo* 
tions which occur in playing, muft by this means be diminifhed so the greated pofllble 
degree, and the diverfity of chara£ler at the fame time preferved. Indeed, in pra£Hce, 
diis method, under different modifications, has been almod univerfal; for, although many 
have pretended to an equal temperament, yet the methods which they have employed ta 
attain it have been evidently defeAive. k appears to me, that every purpofe may be 
anfwered, by making C : £ too (harp by a quarter of a comma, which will not ofiend the 
meed ear^ £ : G*, and A^:C, equal} F* : A*^ too iharp by a comma; and the nujof 
thirds of all the intermediate keys more or lefs perfed, as they approach mcMre or lefs to C 
in the order of modulation. The fifths are perfefi enough in every fydem. The refults of 
this method are (hownjn Table xii. In pra£lice, nearly the fameeffed may be very fimply 
produced, by tuning from G to F, B^, E^, G*; C*, F* fix perfedl fourths j and C, G, D, 
A, £, B, F% fix equally imperfe£t fifths, Plate VI. Fig. 52. If the unavoidable imper- 
fections of the fourths be fuch as to incline them to (harpnefs, the temperament will 
approach more nearly to equality, which is preferable to an inaccuracy on the other fide. 
A^ eafy method of comparing different fydcms of temperament is exhibited in Plate VL 
Fig« 53i which may eafily be extended to all the fydems that have ever been invented. 
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A, (hows die diriGon of a tnonochord coirefpoading to each oote> in the fyftem pro- 
pofed. B, the logarithm of de temperament of each of the major thirds^ C, of the 
minor thirds. D) of the fifths; C and D being both negative. 

Thust Sir, I have endeavoured to advance a few fteps only, in the inveftgation of fome 
Tcry obfcure but interelling fubjefts. As far as I know, mod of thefe obfervations are 
new 1 but, if they Ifaould be found to have been already made by any other perfon, their 
repetition in a connedled chain of inference may ftill be excufable. I am pcrfuaded alfo, 
that at leaft fome pf the politione maintained are incontrovertibly confident with truth and 
nature ; but, Ihould further experiments tend to confute any opinions that I have fuggefted, 
I fhall relinquifh them with as much rcadinefs as I have long lince abandoned the hypothcGs 
which I once took the liberty of fubmitting to the Royal Society, on the fungous of the 
«Ty(lalline lens. 

I am, tec 



Emanuel Calltigtt Camhrldgty 
Bthju/y, 1799. 



THOMAS YOUNG. 



EXPLANATION OF THE FIGURES. 

(See Plates IV. V. and VI.) 

Plate IV. 

Figs. I — 6. The fe£lion of a fteam of air from from a tube .07 inch in diameter, as 

•fcertained by meafuring the breadth of the imprcflion on the furface of a liquid. The 

prcflure impelling the current, was in Fig. i, i inch. Fig. 2, 2. Fig. 3, 3. Fig. 4, 4. 

F'g-S> 7- Fig- 6. 10. 

Fig«. 
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Figs. 7—12. A fimilar feAioiii where the tube was .i in diameter, compared with the 
fe£lioQ as inferred from the experiments with two gages, which is reprefented by a dotted 
line. From this comparifon it appearst that where the velocity of the current was fmail, 
its central parts only difplaced the liquid ; and that^ where it was great^ it difplaced, oii 
meeting with refiftanccy a furface foinewhat greater than its own fe£lion. The prelRtre 
was in Fig. 7, i. Fig. 8, 2. Fig* 9) 3* Fig. %Of 4. Fig. 11, 7. Fig. 12, 10. 

Figs- 13— *20. A, the half fcAion of a ftream of air from^a tube .i in diameter,' at 
inferred from experimdnts with two water gages. The prefltire was in Fig. 13, .t. Fig. 
14, .2. Fig. 15, .$. Fig. 16, I. Fig. 17, 3. Fig. 18, 5. Fig. 19, 7, Fig. 20, 10. 
The fine lines, marked B, (how the refult of the obfervations with an aperture .15 in 
diameter oppofed to the ftream ; C with .3 ; and D with .5. 

Figs. 21 — 23. A, the half fe£tion of a current from a tube .3 in diameter, with a 
prefiure of .5, of i, and of 3. B (hows the courfe of a portion next the axis of the cur- 
' rent, equal in diameter tp thofe reprefented by the laft figures. 

Fig. 24. The appearance of a ftream of fmoke, forced Tcry gently from a fine tabc. 
Fig. 25 and 26, the fame appearance when the prefiure is gradually increafed. 

Fig. 27. See SeOion III. 

Fig. 28. The perpendicular lines OTcr each divifion of the horizontal line (how, by their 
length and diftance from that line, the extent of prefiure capable of producing, froni the 
refpe£tive pipes, the harmonic notes indicated by the figures oppofite the beginaing of 
each, according to the fcale of 22 inches parallel to them. The larger numbers, oppofite 
the middle of each of thefe lines, (how the number of vibrations of the correfponding 
found in a fecond. 

Figs. 29 — 33. See Se£lion X. • 

Fig. 34. The combination of two equal founds conftituting die interval of an odave^ 
fuppofing the progrefs and regrefs of the particles of air equable. Figs. 35, 36, 37» a 
fimilar reprefentation of a major third, major tone, and minor fixth. 

Fig. 38. A fourth, tempered about two comnias. 

Fig. 39. A vibration of a fimilar nature, combined with fubordinate vibrations of tbe 
fame kind in the ratios of 3, 5, and 7. 

Fig. 40. A vibration reprefented by a curve of which the ordinates are the fines of 
circular arcs increafing uniformly, correfj^nding with the motion of a cycloidal pendulum, 
combined with fimilar fubordinate vibrations in the ratios of 3, 5, and 7. 

« By (bme overfigbt the figures 29 to 40 inokifivc are not iiiferted ia the Eagmviagy* They (hail appear 
in our next.— N. 
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Plate V. 
Figs. 41 and 42. Two different pofitions of a major third, compofcd of fimiiai vibrs- 
tions, as reprcfentcd by fif^ures. of fines. 

f\g. 43. A coiitrafled reprefcntation of a ferico of vibrations. A, a Gmpic uniform 
found. B, the bcai'iDg of two equal founds nearly in uiiifon, as derived from rcflilinear 
figures. C, the beaia of two equal founds, derived from figures of fines. D, a mufical 
eonfonancc, making by its frequent beats a fundamental harmonic. E, the impeifcfl 
beats of two unequal founds. 

Fig. 44. Various forms of the oibit of a mufical chord, when infieflcd, and when 
(lrucl(. 

Fif-. 45. Forms of the orbii, when the found is produced by means of a bow. 
Fig. 46. Epitrochoidal curves, formed by combining a fimpic rotation or vibration with 
other fubordinatc rotations or vibrations. 

Figs. 47 and 48. (in Plate VI.) The fucceffive forms of a tended chord, when in- 
flcfted and let go, according to the conftruflion of De la Grange and Euler. 

Figs. 49. The appearance of a vibrating chord which had been in(le<£led in the middle, 
ihe flrongeft lines reprefenting the moft luminous parts. 

Fig. 50. The appearance of a vibrating chord, when infleded at any other point than 
the niiddie. 

Plate VI. 

Fig. Ji. The appearance of a chord, when put in motion by a bow applied nearly at 
one third of the length from its end. 

Fig. ja. The method of tuning recommended for common ufe. 

Fig- 53- A comparative view of different fyilems of temperament. The whole circum- 
ference reprcfents an ofiave. The inner circle L is divided into 30i03 parts, cortcfpoad^ 
ing with the logarithmical parts of an oflave. The next circle R fhows the magnitude of 
the fimpleft mufical and other ratios. Q_ is divided into twelve equal parts, reprefcnting 
the femitones of the equal temperament defctibcd by Zarlino, differing but little from the 
fyllem of AiiHoxenus, and warmly recommended by Marpurg and other late writers, Y 
exhibits the fyftem propofed in this paper as the mod dcfirable ; and P the pr.iftical method 
nearly appioaching to it, which correfponds with the eleventh method in Msrpurg's cou^ 
mciaLion, cicept that, by beginning with C inilcad of B, the praflical cffeft of the 
temperament' is prccifcly inverted. K is the fyftem of Kirnberger and Sulzer ; which 19 
derived from one peifefl third, ten perfect and two equally imperfefl fifths. M is the 
[]ll\em of mean tones, ihe Ji/i/ma parlicipato of the old Italian writers, (till frequently ufcd 
in tuning org.ins, approved M-> by Dr. Smith for common ufe. S (bows the refuit of all 
the calculations in Dr. Smith's harmonics, the fyftem propofed for his changeable haitw 
Bchotd,. but ncithci ia that nor any olhei form capable of pra£tical application. 
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On tie Means of foretelling tie CiaraSer of tie Sumnter Seafin, and tie Benefits to h expeBed 
from tie Cultivation of Graffes vtiici vegetate at low Temperatures. In a Letter from Dr. 
Tao. Beddobs. 



To Mr. NICHOLSON. 



SIR, 



M, 



ANY years ago it occurred to mey that the general nature of our fummers might be 
anticipated in the fpring, and fometimes in winter* I have frequently hazarded a predic- 
tion, and I begin to acquire fome confidence in my rule. 

It is founded on the effe£t of melting fubftancest particularly fnow, upon temperature. 
In applying this faft to meteorology, I fay, if there be an unufual falloffnow in the countries 
to the N* and N, E. our fummer, caeteris paribus, tuill be cold and wet. In the winter of 
1798 and 1799, I obferved in the public papers frequent mention of immenfe falls of fnow 
in thefe hyperborean regions ; and you know what our fummer was. From the beft in« 
formation I iould procure, I colledied the contrary during the two lad winters i and | 
propheCed accordingly. 

I do not take the word Jummer in the ftri£^ aftronomical fenfe, otherwife it would be too - 
foon to talk of that of 1801 ; and (till the approaching feafon may feem to put my.fyfteni 
to {hame. But obferve, Sir, that I do not pretend to be acquainted with all the different 
caufes of atmofpherical refrigeration ; and I only point out one, the moft decifive perhaps 
that exifts, but dill capable of counteraftion, and for which there may be a fubftitute 
when it is not prefent. 

Some of your readers may perhaps think of trying what I advance by a reference to me« 
teorological tables. But you will remark, that they do not fupply the requifite data. This 
is at leaft the cafe with thofe to which it is in my power to have accefs ; and I wifh any 
hint from me may occafion a fa£t fo eflfential to us, to be annually afcertained as far as it 
can be done with accuracy. The fnow that may fall in England is of fmall account ; though 
I fuppofe an unufual fall here may often accompany an unufual fall in the countries from 
Jutland to /Tobollk. 

I (hall now trouble you with another winter fpeculation, that may lead to experiments 
in future beneficial. In mild winters there can, I fuppofe, be no doubt of the vegetation 
of the graiTes. It has often appeared to me, that it goes on unequally in different grafles ; 
and I believe I could name fome which grow at a temperature not greatly exceeding 40®. 
However, I (hall content myfelf with propofing it to perfons of more leifurcy to afcertain 
by actual weight and meafure, what is the conjlitution of the different individuals of Ubit family 
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Vfith regard to temperature. If certain grafles of good <)uality (hould grow at a temperatare 
lower than that at which others will grow. It .would evidently be defireable to have wiater 
paftures and water-meadows of fuch grafles. 

It would likewife be defireable to extend thefe experiments to our bigheft fuouner lieat^ 

I 

with due attention to moillure and light. 

I am, SIR, 

Your*8 refpe£lfully, 

THOMAS BEDDOES- 
Clifton^ Juneg^ i8oi. 
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Jnal;ifis rf Manachankefrom Botany Bay. By Richard Coevbhix, E/q. ^. R. S. and 

Af, R* L A, Communicated by the Author* 



A 



BOUT three months ago, I received from the Right Honourable Prefident of the 
Royal Society, a quantity of fand, which had been found on the fea coaft in Providence 
Iflandy and thence brought over to England in the courfe of the winter. It may not be 
Tcry eafy to determine the mineralogical chandler of any fubftance in the ftate of fine 
powder; but, from its general appearance, the objefi of our prefent inquiry was judged to 
be Manacfaanite. It was in fine grains, almoft as fmall as fea (and ; it was mixed with 
many white, and fome red globules of the fame Cze with the black ; and» in this alone^ 
differed from the manachanite of Cornwall* The white globules feemed to be quartz \ and 
the red, as far as could be judged, appeared to be garnet, more than ruby. The fpecific 
gravity of fo fine a fand, I did not think a charafler more certain than any other ; therefore- 
did not give myfelf much trouble to take it with accuracy. From the rough experiment I 
made, it did not appear to be very dijfferent from that of the known manachanites. It was 
lightly magnetic alfo \ bat not fatisfied with any external marks> I proceeded to try what 
information I could receive from chymical analyfis* 

ICO parts of the above fand from Providence Ifland, were expofed to a red heat for hi^lf 
an hour, and weighed upon coolings No fenfible augmentation or diminution of weight had ^ 
taken place. 

Sulphuric, nitric, muriatic, and nitro-muriatic acids, were heated*for twelve hours upon 
a given quantity ^ and, upon trial with various re-agcnts,. exhibited no marks- of. having:: 
operated an efiedual folution^ 

u I then took one hundred grains and treated them with pot-a(b, in aplatina crucible^, 

ia^llic ufualmaoser of treating;, hard ftooca% la abou(.tw.o.miattt€t after the pot*a(h was io* 

fuiion», 
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fofiofii tHe mafs bccartie trownith^ and quickly changed to a ridi cmtrAi ptm. After 
keeping it red hot for half ati hour, the crucible was withdrawn from the fire, and the maft 
diluted in water. The liquor, not iK^thout fediment, was qf a very beautiful green, as is 
ufual in foffils, where iron is abundant, and but little oxidated. 

2. Muriatic acid was then poured in, and a total folution enfued. This liquor was fet 
en a f and heat to eraporate at, a moderately elevated temperature. After fome time, a wlute 
matter, much like curdled milk, began to appear, and afterward increafed to a confiderable 
Tolume. This fubftance, feparated by filtration, was well wafhed, and the liquor ag;uA' 
ezpofed to the fame temperature was evaporated to drynefs. 

3* Upon pouring in a large quantity of diftilled water to re-difTolve the mafs, a precipi- 
tale, which was filica, remained behind ; but the liquor paflTed very turbid through the 
fihre, although repeated attempts were made to render it limpid by that method. 

4. A folution of pot-a(h was poured in excefs into this turbid liquor, a jred and confi- 
derable precipitate fell to the bottom. The whole was made to boil; but no diminution' 
took place in the apparent volume of the precipitate. The liquor was filtered, and eflayed ■ 
for alumina} but the pot-a(h did not appear to have diflblved any thiog; 

5. The red precipitate was again diflbWed in muriatic acid, and ^eflayed by the known ^ 
re-agents, fbr the different earths and metals. From thefe trials it appeared to be oxide of 
iron, mixed with a fmall portion of the fame fubftance as that which had coagulated in the: 
firft attempt to evaporate the intire folution, as above dated. 

6. I now proceeded to examine the nature of the white lubftance (Exp. 2d;); which had/, 
feparated itfelf by fpontaneous precipitation., I attempted to rcodifiblve a portion of it in 
muriatic acid, but could hot fucceed. Nitric acid was much more effe£tual ; but fulphiiric 
acid, after being, gently heated with it, operated a. perfed folution. . Some trials, made 
with the different re-agentB upon the latter folution, affbrded the following refults : 

With pot-a(h, foda, and ammonia,, a white precipitate } with carbonates df pot-a(b, of 
ibda, and of ammonia, ditto; with a muriate or a nitrate,, no precipitate; with an oxa- 
late, a white precipitate;, with a tartrite, a white precipitate ; with a phofphate, a copious 
white precipitate ; with an arfeniate, a ditto ditto ;• with fulphurated hydrogen water, no 
precipitate; with an alkaline hydro-fulphurett a dirty glafii green precipitate; with a 
{MTufliate, a dark blueifh gr^en». which (hewed that there was ftill fome iron ; with tinf^ure 
of galls, a blood red, and very thick precipitate ; with phofphoric acid, a white precipi* 
tate ; with arfenic acid, a white precipitate. 

Thefe experiments, and particularly the laft three, were fufficiently charaAeriftic, and' 
proved that this fubftance could be no other than Oxide of titanium. However, it was ^ 
ftill contaminated' with iron ; and a. part of it appeared to have remained with that red pre- 
dpitate, which was already mentioned;. To effeA a complete feparation was ftill a defidi^ 
ratum. For this purpofe, I repeated the experiments upon different portions of the fand. . 
After fufion with pot*a(h, and folution in muriatic ac^, I attempted to precipitate the 
^hole, and then to diflblve in an excefs of carbonate of ammonia, the oxide of iron^ become - 

3 redi 
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red by the various treatments. But although red oxide of iron is eaGIy foluble in this falt^ 
it is not fufficiently fo to anfwer the purpofe» when oxide of titanium is prefent. Such in« 
ftnnces of the ineiEcacy of methods* as analytic means* although the primitive fafis upon 
which they are founded are rigidly true« are frequent in chymiftry ; and indeed it may 
lilmoft be faid» that no two fubftances come in conta^, without producing a reciprocal 
change in their properties. Hence we mud be contented to make flow progrefs in the 
art of analyfis ; and perhaps there may be an inherent principle in the chymical nature' of 
all bodies, that will long impede our way to abfolute precifion. I was therefore obliged to 
renounce this method. 

I had perceived that phofphoric and arfenic acids formed a precipitate in fulphate of 
titanium, while neither of thefe acids produced any alteration in fulphate of iron. I there- 
fore precipitated, by phofphoric acid, an intire folution of the fand in fulphuric acid^ and 
by that means operated as good a feparation of the oxides of iron, and of titanium, as is 
generally obtained in chymical procefles. But we are ignorant of the quantity of titanium 
■contained in falts of this metal, or in its oxide ; for as yet it has never been obtained in 
fufficient abundance, reduced to the metallic ftate ; and we have not been able to deter- 
mine the proportion of oxigen that it may take up in its different ftages of oxidation. Bat 
I had found about eleven of filica, and forty-nine of black oxide of iron. The remainder 
muft therefore be oxide of titanium, and the proportions in the quintal will ftand thus : 

Silica - - - - II 

Oxide of iron - • 49 

Oxide of titanium - - 40 



100 
proportions which differ but little from the Cornifli manachanite. Some allowance, how- 
evec, (hould be made for the inevitable lofs. 

The degree of fire necefiary to operate a perfeA redu£tion of titanium, exceeds what we 
have been able to produce. At lead neither Mr. Klaproth nor Mr. Vauquelin appears to 
have fucceeded in obtaining any large quantity. 

I have never been fo fortunate as to obtain this metal reduced and pure, except In fmall 
fpicula, difleminated through the flux I had ufed ^ therefore not in a ftate fit to be fub- 
je£ted to experiment ; but I have obtained it, combined with another fubftance, and with- 
out the aid of any alloy. I mixed with charcoal fome phofphate of titanium, and, .having 
added a flux of borax, put it into a double Heflian crucible well luted, and expofed the 
whole to a violent heat in a forge, into which the wind was impelled through four holes, 
and by two pair of bellows heavily loaded. After giving at firft a gentle heat, increafing 
it by degrees for three quarters of an hour, and then fuddenly raiCng it as high as I could 
raife it by the above apparatus, and maintaining at the fame degree for half an hour, the 
crucible was withdrawn and broken. The upper crucible, which ferved as cover to the 
whole^ was lined with a fliining metallic coat, and a metallic button was found in the 

bottom. 



bottom. This button was phofphuret of titanium; It was of a pale white, not devoid of 
loftre. It was eafily broken) and its fra£^ure was grainy and white. It did not melt before 
• the blow pipe, and feemed not very fuiible. Muriatic and fulphuric acids did not attack 
it| nor did nitric acid very eaGIy when cool; nitro-muriatic acid had much more efie^ 
Upon it, and the liquor gave traces of titanium, andjof phofphoric acid. 

Fhofphoric and arfenic acids were obferved by Mr. Klaproth, when he difcovered this 
metal, to precipitate oxide of titanium from the other acids, by A\xz6l affinity. However^, 
an excefs of muriatic acid can diflblve phofphate and arfeniate of titanium ; but fulphuric^ 
or any other acid I have tried, has not that property. 

In order to obtain oxide of titanium totally free from every other metal, with which it 
is accompanied in nature, fuch as iron or manganefc, either of the above acids may be 
ufed, and that precipitate treated with fixed alkalis, or their carbonates. 

Mr. Vauquelin has given a very ingenious explanation of the rcafon, for which nitric 
and muriatic acids when heated, cannot retain the oxide of titanium in folution. With 
the fprmer, it is becaufe the oxide takes a new portionof oxigen from the nitric acid, and 
becomes too much oxidated to remain in folution. With the latter the reverfe is the cafe^ 
and oxigenated muriatic acid is difengaged. However, in evaporating a large portion of 
the folution of this fand^ which had been effeded by the means of pot-a(h, and muriatic: 
acid,, as above ftated, I obtained at the end a fait well cryftalHzed,, which, upon ftfi£i exa«» 
mination^ exhibited all the properties of oxigenated muriate of pot-a(h. Hence it is evi« 
dent that the oxigen had pafled, probably in its nafcent ftate, into the muriate of pot-afh. 
already formed ; for the firft portion of muriatic acid, and long before a total folution o£ 
the fand could have taken place, mud, by the laws of affinity, have gone to fatucate the 
pot-afli employed. I have attempted to produce, a fimilar combination by the means of 
manganefe, but without fuccefs. The. circumftanccs are not indeed rigidly fimilar ; for in 
one cafe we eficA a folution^ and In the other, a precipitation of the metal that gives out 
the oxigen, and that may produce fome modification. 

If the mineralogical riches of the country, from which this fand was brought, are at all 
to be prejudged, from the valuable produ£ktons with which we have become acquainted in 
the vegetable and animal kingdoms* we may look forward to many interefting difcoveries ;. 
and already, a metal is found to be a native of thofe climates^ which has not long beeiL 
knowo^. and has been but rarely met in Europe. 
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Jt Serut cf Expirimintt upon Metals nv'uh an EUBrkdl Batiirjy Jbevnng their Pr»perty &f 
ahforbing the Oxigen from the Atmofpbere when exploded by EleSric Difcharges. By JoBU 
CuTMMSRTSaVi Pbilofophical Injlrument Maker ^ No. 54, Poland Street^ London. Com' 
municated by the Anther. 

X HE 4trco?cr]r that metals coald be fufed by ele£lric dircharges9 gave rife to a fuppofi« 
tion that they might alfo be conTerted into oxides of the fame means. Many attempts have 
b^en niade to afcertaia this, bat the fad has hitherto remained without proof. In the year 
17871 Dr. Van Maram and myfelf produced floculi from different metals By fubjeding 
them to ftrong ele£lric difcharges, and alfo formed beautiful figures upon paper by exploding 
-metallic wires extended at a fmall diftance from its furface. We imagined that the floculit 
as well as the coloured figures upon the paper, were oxides of the metals we made ufe of ; 
and in order to prove this9 we entered upon a courfe of experiments. But having, per- 
haps from improper management, the misfortune to break feveral glafles in the procefs, 
Dr. Van Marum declared himfelf fo much difcouraged by thefe accidents, as to decline 
prolecuting the fubje£t.* When we confider, however, the opulence of the fociety of 
which he was diredor, it is not eafy to conceive that fo trifling an accident as the fra£lure 
of a few glaflcs ihould be a fufficient reafon for his relinquifhing this inveftigatton, more 
cfpocially as he had the command of an elefirical apparatus which I made for that fociety, 
not only the mod proper for that purpofe, but unequalled in the whole world, and from 
which I now fear we have little to expe£t. 

In 1793 — 1794, I undertook two diflirent courfes of experiments at Amfterdam upon 
the fame fubjeQ ; but both ended unfatisfadorily, and afforded very little more information 
than we before poffeffed. f 

On my return to London, after delivering a courfe of Icflures upon deffaricity, I once 
more returned to the above-mentioned fubjedi. My previous experiments had tau^t 
me that it was neceffary to have an apparatus into which atmofpherical air or gas could be 
introduced, and any deGrable quantity of metallic wire, fo that it would be exploded at 
plcafurc, and the diminution of the air or gas accurately mcafured. I invented the foDow- 
ing apparatus, which poffeffed all the requifites. 

* Second Continuation des Experiences faites par la Moyen de la Machine £le6^riqtie Teglerienne par 
Martinut van Marum a Haarlem, page 272. 
t Eigen/fhappen der Eleftridtiet 3de. deel blad, 2, 143. Amfteidani, 1794, door John Cathbertfon« 
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Difcription of an Apparatus in which Metallic Wires are converted into Oxides hy EleSlric 

Difcharges. 

Fig. II) Phte VII. a if c d is z glafs receiver, about ten inches high, and fix inches 
diameter. To the wideft end is cemented a large round brafs plate, a b^ perfeflly air tight, the 
other end is mounted with a brafs collar, upon which a brafs cap, p q, is fere wed, alfo perfe£Uy 
air tight. / is an air cock, one end of whibh is fcrewed into the middle of p ^, and tbe 
other into a foot on which the inftrument ftands ', no ztt two air cocks fcrewed faft to the 
broad brafs plate, with holes communicating with the infide of the receiver. Upon* each of 
thefe cocks is fcrewed a glafs tube bent, as is reprefented ; their communication with the 
infide of the receiver is opened or (hut by means of n and 0. In the infide of ^ ^ is a wheel 
and axis moving upon two pivots, ferving to wind up a quantity of wire in readinefs for ex- 
ploding. i» i$ a brafs tube about three inches long, and three quarters of an inch in 
'diameter, (topped at each end with cork, and the middle filled with hogs'-lard ; this fervcs 
to draw the wire through ready for exploding. 

The wire which is intended for ufe, muft be bound to a packthread of the fame lengthy 
at difierent places, and at about four inches jafunder; ic muft be wound upon the ax^ of the 
wheel inp qi the tube m muft be fcrewed oiF from the plate, and the end of the wire muft be 
direfled through the hole wherein m was, by means of a long brafs needle, which muft be 
pu(hed through the cork and hogs'-lard, in m, with the packthread and wire in the eye o/F 
the needle ; when it is drawn through, the packthread and wire will follow, and be kept 
air tight by the hogsMard and cork ; m muft be fcrewed to the plate as before, and the 
packthread drawn through m till it is feen nearly ftraight in the infide of the receiver, as at 
b. In this ftate, pour into the lower bend of k about half of an inch of mercury, and in 
the lower bend of 1 a little water, reprefented by the dots in each. It is evident, from 
the conftru£lion of the inftrument, that if all the fcrews be perfe£tly air tight, the cock/ 
fliut, and the cocks n open, the leaft alteration that happens to the air in the infide of the 
receiver, with refpedl either to encreafe, decreafe, dcnfity, or rarefaftion, will be 
(hewn cither by the n^ercury or water, in either one or both gages ; if confiderable, the 
mercury will (hew it, and if too little to affca the mercury, the water gage wijl (hew it : 
if by any procefs the temperature of the air within the receiver (hould be raifed, it will 
caufe the air to expand, and the mercury and water in the gages to move towards u w, but 
if it (hould be lowered, the mercury and water will move towards ik\ fo likcwife if any 
alteration, with refpeft to temperature, happens in the furrounding air, the gages wffl 
(hew it accordingly ; and as this is continually changing. It is ncce(rary that the apparatus, 
after is prepared for the experiment, -and ready for exploding of the wire, (ho\ild be fct 
in fOme medium which is not fo changeable. For this purpofe water feems to be the mo(t 
convenient ^ but as it is a conduGor of elcftricity, the apparatus muft not remain in when 
the difcharge is given through it; fo that before, and after the difcharge,. it muft only 
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he fet inio ilie water, care being taken to let it remain a fuiHcient length of time uattoi. 
air in the infidc may become of the fame temperature, wbich will be fiiewn by ihc gages 
being (lailonary. If this citcumflance be not obfcived with great attention, cnors in the 
coticIuCon will be the confcquencc. 

EXPERIMENT I. 
A fufficicnt quantity of leaden wire, of ^^th part of an inch diameter, was bound to % 
cord at differcnc places about four inches diitant, as has been already mentioned, and 
wound upon the axis of the wheel in p j, tlic end of it, by means of the long brafs needle* 
Was drawn out at the top of the receiver through the tube m, which was fcrewed in its 
place, and the covd drawn tight, as rcprefenled at /^ The cocky was then clofed, and the 
whole inftrument fct in the water fo deep, ih:\t the brafs plate was about one inch under 
the furface of the water. The cotks « o were opened to admit the external air into the 
receiver, as the air within became condenfed by the coldnefs of tlic water. When it had 
remained nine minutes under the water, the gages were fcrewed on to the cocks petfcfUjr 
air I'ghr, and both appealing (lailonaiy, the cocks were Ihut. The inflruraent was then 
taken out, wiped (hy, and fet as near the e!e£tromcter, Fig. 2, as polfiblc, not to in- 
fluence the motion of the ball A, namely, at the dillance of about one foot. One end of a 
wire, a h, was hooked to the cock n, and the other to the hook of the cle£tro meter.* One 
end of another brafs wire, s /, was hooked to the cocky, and the other end made to 
touch the outfide of the battery, Fig. i, which is compofcd of fifteen jars, containing 
about feventeen fquare feet f coaling, and conne£led with the cledlrometer by means of a 
wire L. The battery was charged till the ball A of the eleflromeicr, which was loaded 
with twcniy-fiK grains, dcfcended and direfled the difchargc through the wire h, which 
was converted into a blueifli white impalpable powder, at fiift appearing like 3 white 
cloud, and filling the whole receiver (the cord was left entire); the inftrumcntwas thca 
releafcd from the ele£trometer, and fet in the water as before. After it had remained 
there five minutes, the cocks under the gages were opened. No change could be perceived 
in the mercury gage, but a motion in the water gage was juft perceptible. Hence I 
concluded that the powder tlms produced had abfoibcd no air. 

EXPERIMENT II. 
The apparatus was taken out of the water, and another length of wire drawn forward, 
and placed at the cleflromcter and battery as before ; the battery was charged till the elec- 
trometer caufed the difchargc, which again produced the powder. The apparatus was not 
put into the water as before, but was left to remain till another length of wire was drawn 
forward, and the difchargc dircfled through it. And this proccfs was repeated in the 

• For » defcription of this cleflromtter, fee ihii Journal, 11, 5S3. 
t For an account of ihi» battery, fw Jgiimal, II, iSe. 
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whole by five difcharges through five lengths of wire, .each length, was fcven inches* la 
this manner, therefore, thirty-five inches of wire was converted i,nto a blueifli white im- 
palpable powder. The apparatus was then placed in the water as before, and after it had 
remained the fame length of time, the mercury gage was opened. No motion in the mercury 
was perceived, and when the water gage was alfo opened, no alteration was there feeiu 
Hence I concluded that no abforption of air bad taken place, though five times the original ^ 
length of wire had been reduced to powder. The air in the apparatus was then eudiomc« 
tricaily examined, and it appeared to be of the fame purity as the furrounding atmofphere« 

EXPERIMENT III. 

The apparatus was taken out of the water, and the powder which was produced in the 
receiver carefully taken. out; the apparatus was then furniflied with ihe fame length of 
wire as before, all the fcrews and cocks were well examined, and the apparatus fet in the 
water as before. After it had ftood its time, the gages were fcrewed tight, it was taken 
out of the water and fet to the battery when the lad experiment was repeated, and it was 
afterwards fet in the water, and the gages opened. No abforption having taken place, it 
was left in the water till the fame hour q/i the following day, when the mercury gage was 
«pened, and indicated that an abforption of about one cubic inch had taken place. The 
water was of the fame temperature as at firft. This experiment confequently {hews that 
the metal was firft divided, and afterwards oxigenated by a flow procefs. 

EXPERIMENT IV. 

The laft experiment was repeated, with double the length of wire, and the re£ult was the 
fame. 

EXPERIMENT V. 

A fmaller receiver was now taken, being only four inches diameter, which was half 
the diameter of the former. The fame kind of powder was produced, and a diminution of 
nir happened when thirty-five inches had been reduced to powder, which caufed the water 
gage to rife one inch, and the mercury ^ inch. 

EXPERIMENT VL 

Wires of difiercnt diameters were now prepared in the laft receiver, of t4^ and t^t 
inch diametert and of each thirty-five inches i and the refult was the fame with refpedi to 
air, but the powder was whiter. 

Bv the refult of the three laft experiments, it appeared that the abforption of air by thfc 
exploded metal apparently depended upon the diameter of the receivers wherein the prt^ 
cefs was carried on^ for which icafon I determined to repeat the experiments in receivers of 
much iefs diameter* 
c: . T2 EXPERIMENT 
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EXPERIMENT VII. 

Inllead of ihc laft-mentioned receiver, Fig. 4, was taken a glafs lube, of aSout one 
inch diameter, and nine inches long,* and fomilhed with lead wire of ^\ indi diameter, 
being the fame as that ufcd in the three firft eipcrimenn. After it had been placed in 
vater, with the cock only above the furface and open \ and it had remained three minnlea, 
the coek was (hut, the inllrument taken out and wiped dry, one end of it was anociced 
to the chain i, of the elciltomcter, and the other end 10 the chain which was in com- 
munication with the ouidde of the battery, the fame (Irengch of charge wis dire£te4 
through the wire, by the ele£liameter. as in the lad experiments, and the fame kind of. 
powder with refpc£l to colour appeared ; the inftrumenl was again laid in the water, with 
the cock above the furface, and the water gage was fcTCwed on to the cock ; when three 
minutes were expired, the cock was opened, and there appeared fo extraordinary diminu- 
tion of air, that the water in the gage run over the upper bend into the intirument : this 
diminution appeared fufficient to make a mercury gage fcnfible. 

The inlltument being cleaned, and provided with thirty-five inches of wire of ibe 
fame diameter as above, five feparate difcharges were direfled through the wire ; fercn 
inches were exploded at each difcharge, and the fame procefs with refpeA to laying of it ia 
water before and after each difchRrgc was obfeTved ; and the 

Inchti, 
Firft difchai^e caufed fo extraordinary dlmiuutlon, that the 

mercury rofe in the gage - - _ . - 1 

Second difcharge * __-.-- i,^ 

Third . - _ o,V 

Fourth •-_■---_- o^^ 
Fifth o,V 



In the whole 3,^ 

which is nearly equal to two cubic inches. The contents of the whole tnflrument w» 
nine cubic inches. 

The air thus diminilhed in the mArument was left to ftand till the fame hour next day j 
but on opening the cock no further diminution had taken place. 

The purity of this refidue of air was tried by the tell of flame, and it exttnguifiied 
a candle eight times. Azotic gas, in the fame glafs, extinguiDied the fame candle ten 
timeS) fo that all the oxigen gas contained in that quantity of atmofpherical wr was aevt\f 
abforbed ; the powder produced was nearly fame as tliat in the large receiver. 

* Ii wai mouiitf d in dK-Amcnuoaerai Pig. 8, eXM^ting thMon-HOTUM Dfriit.dianMer only sac ut 
cock iDtl gngc wai uftd. 
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This laft experiment was repeated with wires of a lefs diameter, with nearly* the fame 
. fefulrj the five diCcharges produced a diminution, which caufed the mercury to rife 
between three and four inches. 

The refult of the laft experiments induced me to try receivers of a ftill lefs diameter ; fo 
one of T^ inch diameter, and eight inches long, was taken ; but on account of its fmall* 
nefs of diameter, no more air could be exploded than the length of the tube^ without ad* 
mtflion of fre(b air* ^v • 

EXPERIMENT X 

Aooor4ing)yy one difcharge of the fame degree of force was dire^led by the ele£lrometer 
ihcoQigh one length of wire ^ inch diameter. 

Inchesi 
The mercury gs^p- rofe - ^ - • - - o^ 
. . iSecofid difcharge through wire of ^ - ^ • SiV- 

TWrd . - - - 1^ - - • - 3A 

Fourth ^ .- . . ^\^ . . • 3,^ 

The wire t^irovgh ifhich the £rft difcharge was directed, was only eonverted into 

a numbcrlefs fmall particl<?6, retaining their metallic Jviftre. The fccpnd, which (hewed 

the greateft degree of abforption, was but juft converted into jpowder^ mixed with particles 

of lead. The refidue of this air was tried by flame, in aglafs five inches high, and one and 

a.quacter diameter, but at the mouth only three qyartcrsj and the candle was extinguiihed 

in it nine times. 

Thefe experiments, I think, will be found fuffi.cient to A(^w that the fmaller the diameter 
0f the receiver in which lead is calcined by an.ele£lric diCcharge, the greater propprtion of 
air will be abforbed, .and the ninth and thirteenth experiment ^proit^s that, that which is 
abforbed is the oxigen gas» which is by the proqefs fcparated f^ropi ,thQ ;iZ9(e of the 

atmofpherct * . , 

.It is well known that metals require certain degrees of temperature to give tl\em the 
proper^ of abfoibing the greateft quantity of oxigen ^as; this is the point which I had in 
ticw wben I ufed wires x^fdififerentdiametfrs, bqcaufel know no way hqw to increafe the 
temperature communicated by an ele£ljic difcharge to metallic wires, but by diminilhin^ 
^fe diameters or lengths in ;i certain prqpertiont or increafin^ ^hc force of the difcharge, 
which is the fsgne , thing, and the l<|ft experiment ibews that ^ makes very little difference 
whether wire of 7.V, or tItt* which is only h;ilf tbatdiametcri be ufed, fortbat it does npt 
feem here to follow the fame law as common heat. 

EXPERIMENT XI. 
To conclude witl^ thlsipcUlj l))e ^rft-j]|^ptipned l^urge receiver was taken,, and 130. 

iiic)i«s of \ifire, of .iV^^ an inch tn^diiuncter^ K»»^pi:^.a(€d in (be jam^.bei^jE ^^^^^ ^^^ 

. times 
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t'lmenhtqutntUy that w2AaUd Mote. TTitt W2s crpiodcd aod co p T Crt cd into m im- 
mlnablc powder by twentjr fcparatc dlfclurgcs, and wbco the g>ges were opcocdi there 
^pcarcd 10 have been no air abforbcd. 

EXPERIMENT 

The powder or calx lad prodaecd, was jnehttrd and put Into a very fmall plats retort, 
with an intern lo Uy what would happen, or what alteraiions would take ptacc bj (h* 
Bppltcaiiofi of heal. No air wai given out by fucb trearmcnt, excrr ling a little common 
air, which I fuppofe wai contained in the retoci. The powder, which was firft of a blueUh 
wh'it«, Ghanf;ed into a djfk leaden colour, and afterwards into a ydlowiDi gveenj and 
when the glab wai red hot, nearly melting the powder, was only partially melted inta 
lead. 

Laflly, twenty-four grains of this powder, whieh had abforbcd no oxigen, was taken 
and put into a clean crucibV, with a cover to it, fet in a fuinace, and kept tn a white 
lieal about one hour. When taken out, there was found !n the bottom of the cruci- 
ble a perfe£V clear glafs of a rcdiTh brown colour. Thus we find a powder obtained 
which [lofTclTes the mo(l dinjn);uiniing properties of an oxide of lead, though it appeared 
lo have abfoibcd no osigcn in its preparation. 

Lejd burns with a yellowifh flame by the clcilric difcharge. 

Thcfc experimenn appear to be fu/Ticient to prove, that the abforption of the oitgen 
ftt from the atmofphencal air, by the powder thus produced, wholly depends upon the 
diameter of the receiver wherein ilie procefs was carried on. For we find by the tenth 
esperinient, that when eight inches of wire were calcined in a receiver only -/^ of an 
Itlch diameter, it then abforbcd half a cubic inch of air. In this proportion the wire lafl 
calcined fhould have abforbcd (ixtccn times that quantity, and the tefult jyas that it had 
ibforbed none ; the reafon of which I mud own 1 do not underftand. 

Thefe cxpcrimenls were made in the winter feafon, when the temperatuTe of the 
Itmofphere was fcMom lower than l8°, and not higher than 45°, and the refult wa»M 
mentioned t hut not being able to reconcile myfcif 10 foch paradoxical refults, 1 (howe<t 
the experiments to feveral phllofophers, who, however, were equally as much at a lofl 
to account for the refult as niylclf. 

On the loth of May, 1798, I was faroured with the company of fomc gentlemen of 
the Royal Society to fee the eipeiinienis. I ofcd only two receivers, -one of an inck 
diameter, and (he other of fix inches diameter, as follows : 

EXPERIMENT XIU. 

A piece of leaden wire, of nine Inches long, and y'5 of an inch in dbmetCT, was cx- 

lHoded by an eleflric' difcharge In (he receivfer of one inch diameter. After ii had l«>d 

in water ihwe mrnilteti ihi mcitury gage tofc iJ of an inch, which waa a deg(«e oC 

dimiuutioa of about half a cubic inch. 

ESPERIMEKT 
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EXPERIMENT XIV. 

Eight lengths of wire, of the fame diameter, was exploded in the receiver of fix inches 
diameter; and after it had been in water five minuteSi the mercury gage rofe i\ of an 
inch^ which was a degree of diminution of about 3J- cubic inchesi and confequentlf not 
agreeing with my former experiments. 

The refult of thefe two experiments occaGoned feveral repetitions^ and all nearly with 
the fame refult ; but on repeating them in the winter, when the temperature was low» I 
found the refult as I fird had (namely) a diminution of air in the fmall receiver, and none 
in the large one. It then occurred to me that the temperature mud have occafioned this 
▼ariationi and that putting the receiver in water for five minutes was, perhaps, not fuffi* 
cicnt to bring the air in the infide of the receiver to its. former temperature, I therefore 
placed a thermometer in the infide of the large receiver, and by exploding one length of 
wire, the temperature was raifed about two degrees; and when the ^-eceiver was fet-ia 
water, the air did not return to its former temperature in lefs -than twenty minutes ; 
confequently this pointed out to me one errort which I was not aware of; but it was not 
fuflicient to explain the whole, becaufe this only would indicate a diminution but lefs than 
truth. By repeating the experiment at tiifiTerent times, I perceived that the firft explofibn 
in a low temperature caufed the mercury to rife near two degrees, and that every fub«* 
fequent explofiori afFeded it lefs. After feven or eight explofions had been given, haidly 
any rife in the mercury could be perceived. And alfo when the temperature was at about 
6o^, the firft expIoGon did not then caufe the mercury to rife to above i^, and it would 
ceafe to rife after the third or fourth explofion. When the temperature was at about 70^, 
hardly any rife in the mercury could be perceived, even at the firft explofion ; this unfolded 
iXiC whole, becaufe it appeared that when the temperature was.lpW) the explofions raifed 
it fo much as to caufe an expanfion in the inclofed air, which kept up the preflure upon 
the mercury in the gages, and of confequence hindered them from indicating any lofs ; 
and when the temperature was high, the explofions did not caufe fuch expanfioni con- 
fequently permitted the gages to indicate the true lofs, or quantity of air which had been 
abforbed by the divided metal. 

I thought it proper to m^rition;the:;abpve in full^ not only £or the advantage of fuch as 
might undertake fuch experiments,: but likewife to prevent wrong conclufions being drawn 
from the refult of the firft fet of experiments with large receivers, as they have been (hewn 
to many, and fon(ie authors have brought them forward to fupport their own erroneous 
notions. 

We may alfo conclude from the fa£ls that the difference of diameters of the receivers 

wherein feaden wire is exploded, neither favours, nt>r hiiidefs, the diminution of theat« 

mofpherical air therein contained. If two leaden wires of equal lengths and diameters be 

exploded by equal electric difcharges, in unequal receivers) the diminution of the air 

3 which 
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which they contain will be equal in both ; and if the receivera contain atmofphetical air* ] 
that which is fcemingl/ loft by the procels it oxigen gas, abfotbcd by the exploded metal, 1 
which brcamcG converted into a true metallic o>:ide. 

If it be required to collefl the produce for further inve (ligation, a receiver of the largcll 
diameter ihen becomes neceflary, bccaufc the oxide h more peifecl, and a greater quan- 
tity of powder can be produced, and the experiment oftener repealed, before the receiver 
becomes opaque, which is the cafe when receivers of fmall diameters arc ufed. 

The foregoing experiments upon lead, prove that a receiver of one inch diameter U 1 
fuOiciently wide, and therefore preferable to wider, becaufe when the temperature of (he 
air in the infide is raifcd by the explofions, it is much fooner brought to its former tem- '■ 
perature, and is not fo liable to equivocal refults. I have not, therefore, thought it proper 
to relate the experiments which were made in wider receivers upon the following metals : 
fucb receivers being neceSary only when a targe quantity of oxide » required. 



EXPERIMENT XV. 

r«. 

Sixteen inches of tin wire, of -, ^o part of an inch in diameter, was put into Fig. 4, and 
after it had been laid in water £0 long, that die air in the JnGde was become of the fame 
temperature as the water itfclf ; it was afterwards exploded by two difcharges, and by that 
means converted into an impalpable powder, nearly the fame as the lead wire, but of a 
purer white. The apparatus was then again laid in water * tiil the air had gained its 
. former temperature i when the cock was opened, the mercury rofe three tnchesi and i]ie 
air, by the tell of flame, fecmed to be as as highly azotic as that In which lead had been 
exploded in the ninth experiment. 

The lad experiment, repeated with wire of ^05 of an inch diameter, and ihc rcfuJl vat 
Uic fame. 

Tin bujns with a vivid yellow flimc wheu eiploded. 



EXPERIMEKT XVI. 

TTiirty-two inches of iron wire, of -^^ inch diameter, was put into Fig. 4, aiM ex- ^ 
ploded by five difcharges : the mercury rofe three inches. 

The wire was converted into an impalpable powder, of a reddiih brown coldurt (be 
refidue of air feemcd to be the fame as that left in the ninth and fifteenth experiments, 
wherein lead and tin had been exploded. It extinguinied a candle nine times. 



* The ^panuit W3S «lnay« laid in water a fufficicnl limi 
fame temperature as the wittr, before and afur liie metal « 
mentioned it iu ilie relation of the fallowing sjyierimenM. 
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I the ipGdc to btooq^ of , the 
« jivoid prolixity I have not 
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EXPERIMENT XVH. 

Wires of different diameters were takeo* with a view to try what ckgree of fufiott 
was reqoiicd to taufe the gxe^eft abdorfitioii of air» or, ia odier woifelsy t^ nsdae Am sioft 
complete oside* . 

. The fame degree of fljrength of charge was dire^led through wire of -rrv inch diameter ;. 
no air abferbed j the wire was only .red hoL 

Wire of t-s-s was exploded and conYcrted into balls ; the mercury rpfe Ot% 
TTv converted into Teiy fmall powdered balls « ^^ Otv 

T-fv into flocculi and balls • • • • i 

•r^ into an impalpable powder of reddiih brown colour - iv' 



EXPERIMENT XVUI- 

Copper. 

Thirty- two inches of copper wirCi of one 260 part of an inch diameter, was prepared in 
fig. 49 and exploded by five difcharges; the mercury in the gage rofe ixz inches^ 
^ It wm converted into an impalpable powder, of a purple brown colour ; the reGdue o( 
air extinguifhed the flame of a fmall wax taper twice. 
^..'pus metal burns with a green flame when exploded* 

fiXL the foregoing experiments were made by myfelf,^ at my houfe in Poland Street ; biC 
tfip following were made at the houfe of Mr. Campbell, in South Audley Street* who 
l^onpured me wiih his. afliftance. The apparatus we ufed were of my own conftru£iion« 
|>eing a double plate machine \ each plate twenty-fix inches ^iameter, and a double batterj 
of thirty jars of my common fize, containing about thirty-four fquare feet coated glafs. 
The eleQrometer was the fame as I have defcrlbed in Nicholbn's Journal, Vol. IL 
page 528, excepting that inftead of ufing pins of certain weights to put into Bf the arm 
C B was divided into grains, with a Aider upon it, which was fet to the weight rcquiredt 
as I commonly make them at prefent \ being more convenient. 
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EXPERIMENT. XIX. 

• . ■ . - * ■ . I ' • 

.'. • Pun- Silver. 

Fortfofivt inches of Clvei wire, of tr? p^rt'of an inch diameter, was exploded by five &{• 

• • • 

thiargeii the Aider upon* the eleQromet^r wjai fet at forty grains ; it was converted into an 
impalpable blaek powder : the mercury rofe in the gage about half an inch^ and the flame 
'ibf the iii|)er was extinguifhed nine tlnies. 
f ' ' SiNt'it^tirns' With a ^greeniih flame, nearly refembling that of copper. 
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EXPERIMENT 
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Fifty-ibttir iiK^a^f ^re itrtni from grain goldi of Vtt part of an inch diftmetery W8» 
exploded .\)yii]5.difcharg?8; the Aider upon the cleftrometer was fee at forty-two gnnos f 
it Wit coi^vertt'd ihto an an impalpable povtrdef, Y)f a* dark brbvn purple cokmr r tbe mer- 
cury rofe in the gage about a quarter of an inch, and' the- flame- of a lapei' waaenin^ 
guifhed lour times. 

EXPERIMENT XXI. 

Nine Inches of the fame fort of wire, but 6f a Iefs:diametet9 being 130 part ^ an inch, 
was exploded in the fame receiver by one difcharg^e : the mercury rofe about -^V of an 
inch, and the flame of the taper was extingixlih^ fbuir tttoks. 

EXPERIMENt XXII. 

■ Plattha. ' 

Twenty-YeV^h \tit)itt of ^iafi'hii ^^be, ot 'i^b pitt df ah inch diaKiet^r^ >i« iiz]|ftodke^ 
by fkree difdhafged. \Vtien the *giige' cock was of^hed, the m^ircury rofe a qbairtfeir of an 
inch, but on applying the flame to the'refidue, it was not 'eitihguimed. 

As platina is eafily fufed by elearlcity, the Aider up6n thd lefoarofnet^r W bhl^ fef at 
tirenty-tWo grains fdr the latl 'experiment, and the retidde of atr'did not extinguifli the 
flame. It was flippbfed *that too low a charge liad been tifed. TKe Aider was therefore i€t 
ix thirty-two grains, aiid the experiment "was Vacated with the fame length and diarrfiteif 
6f wire, andexplbded by the fame number of difcharges ; when ^he cock was opened, HA 
Ihercury rofe about one inch, ahd'tHe^'am^ of the fa^er was ex^ingmtfiefl'five times : xbt 
Ibet^rwas' converted into a black impsJpable powder, irefembling that of filver. 

■ 
.... ■ ■ • 

EXPERfMENO:^ £SIff. ^ 

• ' -If 
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Nine inches of zinc wire, of j-^ part of an inch in. ^diameter, was exploded by one di& 
charge ; when the gage cock wasopeAedg^ Ihe^'mefciiry rofe half an inch, and the refidue 
of air extinguiflied the Aame of a taper tWlcc : fhe metal was converted into an impal- 
blepowderof a whitepolQur,'refembKngthat.of tin. ^ . » i • -^".--r! -;= -vi- i 
^ This metal being fo di^ult to draw ratp. wire, I was obltg^ toxonclu^c with^tlie 
above-mentioned length. ,...„.. t, r . ,,, ", , 

From the refult of the foregoing experiments, it may <y fafdy conclnjk^^».4l|}if ^Uj^hf 
duflile metals can, byejcfkic ,difchafge8,-be fublimedavd rfonv9rtc^/^Qj^;;pc9gef»,ofides9 
by abforbing the oxigen of the atmdfphere; and though feme of the metab refift the aQioa 
of common 4re, and require difFefent ibivcnta to convert them ptp pxidf|^^ thoy all 
yield to the aOtion of the ele&ric fluid* 

4 B 
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It ip temark^bU thf|t,i>l;i^!^^ .^I^PPgh it.refift$ the z€tion of common fire» hi more eaGlj 
Yufed l^ eleArlc diftbarges than copper^ ^Iver, or go^df and feem^to be as greedy of 

*{{xige.n^ ^9 ^^ny of. the other pietal8. . But tbefe expei^iments ^ave not l>een Tufficieotly ex* 
<ci|3c}^J^' fettle the Uftn^^^ \.,.\., . 

- Jt,i5.j!pf?U knqif^ijtlj^sit jail mct^lfj w^^^ compion fire, abforS'oxigen in 

different degrees, and 'like wife In different proportions^ according to the different degrees 
of heat^emploji^e^). tl^s.i^eips Ukewife to tajie place when they are fubltmed by ele^ric 

^^cfaarge8vbut.thejgro|||^ej for each metal remains for inveftigation s 

'^$md as different, metals. diffbr as condu^ors'oi the elediric fluid, (which has never yet been 

i V<^ defined) this furniflies matter fufficient for a future purfuit. 

. .The lateft eiDeijments upon the condu6iing power of metals were made by Dr. Van 
M^tum 904 myfelf, at Haerlqm> but as I had not at that time . invented the ele&rometer 

« Vi^i^h I hafe at prefept, and.wmch yie nature pf the experimeAt required, I have fome 

'i^eafon to think that they, are not perfeflly accurate. I have concluded thele experiments^ 
without proceeding to the nondufiile metals, becaufej know no way of arranging the 

^others,^fo thj^t they can be a£led upon,with fufficient accuracjr. 
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Defcrtptfioit of ^ trnprovemini In the Steam^^n^we^'^'hy means of which the Boiler is an. 
Jlantljfuffl^^4 ^^^ 'Wqter e^lreqdf hei^ed ftea^'Iy fo the poini of Ebullition. Communicatt 
iy Afr. P£TEM AElRf Enffneer. • 
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. , Jl he fteam engine, of which we have fo many accounts in introductory and othpr 
workS) and which for its fclenttnc cpniriTanoe^ and extepCve utility cannot be too highly 

. fe^rded, m^y bc.tr^ce<|,iii,iJ8 hj'^OTjjthrpu^h a few great an4 rfr^in^ degrees. of improve- 

, mep^t,: tfie int^ntipq^of gr^ry^ oge of wHlcli con^^^^ 
moving force wjtlv.thejeaflpoffiblefonfumption.of.fuel. It is prGibable. that theoriginal 
cngixie^of thqMj}r^^is^^^Wo|fce(ler may have been a, me^e yeflcl into which; water 

^ by its weight,, a^nd waSfthenc^ driven upwarcTs o^ ftcam : C^pt.^Sayary feem^ to have been 

' tb.e,§f(^wh^ ^(fid^^i^y?LC^^vji^ formed' by Oeami into^ which th| wa^cj^^s 'urged ^Vrthc 
gttpofohere : Jp|apm in a crude ^ay, and Newcopien and Cawley yix ^ more^perfe^ n^thod^ 
uj^^ a jCi^i^ piftoii :^;.an}j%ftiy^ .'jfjm^^^ Watt grc'^dy imprpve^ the , ?n|)^c of^ die lapeV ojjc- 

' * Ia convcrfatioiK I sfo-vWytprfy tbaf tbe ]ateneffl.df the dateiof this ilieet at piisft, does noi aHow^tne 
.'. time to! ftmk a j i d.inqi si w jlic-jagint of.ttn Jareotox* .wh^^ J omitted to write down» The improveqient it 



. ^. ' • Ua 



», 



tators 



.4« 



htfcrlfticn of an tmpnvnntnt In tit Steam Engint. 



raloTS by conJcnCngljis fleam in a coIJ vcITel at a diHancc from the worltmg cyWnAer. TTm; 
other impiroYcmcnis in the mechanirm in ilie futiiacc, in tlic double ftiokc, &c ftc, 
though Wglily valuable and honourable to the (kill and coniTivaiicc of the inTentor*i ap. 
pear to bq of fiiboTdiiute impoit^nce, and in manjr panicuhrs are little marc than thofe 
Tariaiionsof fafli'ion which in mechanics, as well as other Icfa Impottant dcpaiimehta of 
batnan induftry, are more or Icfs prevalent; ' . ' , .' 

It was among the early improveoicots oTlljc ftcam engine, io feed the boiter out of that 
hot water which was aSordc-d by ihe coiidenfation of the lleatK srlon^ with the (tream of 
injcflion. When the boiler rcceiTes a quantity of cold water, it becomes nctcflary either 
to jucrcafc llic fire, or to admit the engine to work with Icfs efTefl from the dtminilhed 
quantity or elaRicity of the lleam produced ; and when the water thus fupplied is afforded 
In the rtiqnncr juft mcndonetl, it will be hotter the Jcfs ihc injection, and the contrary. 
Gut there is a mean which muH be attended lo in the adjudment of this heat. A fparin^ 
afTord a good vacuum, and therefore the engine will work with dtmi- 



a copious injection will aiTotd w 



a low tempeialui 



J the boiler. 



r of (he fupply is not hotter than the hand can 



injeftion will not ; 
nifhed efFea ; 

■\Vhcn the adjuftnieni is at ihe Bert, the wji 
bear, thai is to fay, about i lo". It becomes ihetefore an objcQ of value, to afcertain the 
incans by which the condenfation of the lleam may be rendered as perfe£l as the intro- 
duction of cold water can make !t, and at the fame time, that a gieater part of the heat 
it imparts may be employed in laiGng the_ temperature of the water, intended for.the 
boiler. 

Plate VIU. rcprefents a feflion of the parts of a double engine; that is to fay, an en- 
gine in which ihc pifton is alternately impelled by the elafticity of ftcam aQing above and 
below. A A is the great cylinder in which the pifton moves ; O, P, ate the fteam 
boxes, or metallic receptacles, into which the fteam is fiift introduced from the boiler 
by pipes at O and P, not reprcfented in the figure, They contain each two valves, 
B, C, and b, c, which ate opened or ftiut by the ufual apparatus attached to the workinf( 
beam ; d,d u the palfage to D D the condenfer, terminating in H the air pump. E F G 
are the additional parts of which the new improvement confifts. 

Let us then fuppofe the engine in afluil work, the valve h in the lower flcant box being 
open, and c fhuf, while B in the upper fteam box is (hut, and C open. From (his difpo* 
fiticn fteam will rufli in from the bjiler ihrougli /, beneath the pifton, while the other 
fteam which had been admitted before above the pifton, will have a communication through 
Ijf C, Kand J, to D the condejifer, where a conftant injection J being kept up, it becomes 
condenfcd and leaves a vacuum. Confequenily the pifton muft rife by the whole force of 
lite fteam beneath. When it has arrived near the top of the cylinder; ihe valves in the 
ftcam boxes i and C arc (hut, and the others B and *■ arc opened ; fo that the (team from 
the boiler rulhes through L into the fpace above ihc pi(Von, while ihc other ftcam beneath 
paAei through /, c and k to the condenfer, where it alTumes the denfe form and Icne* a 
ncuunit. into which the pifton ia urged in its dcfcent. When the dcfceot it completed, 

the 
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At vatTes teAime ttieir firft ftate, and the pifton muft again rifci &c. ttc. The pump R is 
kept conftantly at work by the motion of the engine, and carries ofF the water of the in« 
jeftion heated by the (learn, and alfo the permanently elaftic fluids which may be extricated 
from the water : laiid of this hot water it is that the boiler in (learn engines is ufaally re« 
p]eni(hed. Indead however of this dire£l fupply in the prefent engine, the hot water is 
fuflfered to flow into the fmaller refenroir G, G> G, which it keeps condantly full and 
overflowing, and from which a portion is raifed by the fmall pump £ through the pipe 
F, M, F, F, tranfmitted throtigh the pafl^ge to the condenfer, and confequently having its 
exterior furface in contact with the hot (l^m as it rufhes towards the condenfer, and by 
that means having its contents, and confequently thofe of the vefTel GOG, greatly heated 
1>y the circulation eiFe£led by the pump. The boiler is fuppHed by the pipe N, placed (o 
far below the return M« that the preflure of the column I M may exceed the re*aAion of 
the (leam in the boiler, which might otherwife prevent its introduflion. 

I am not prepared to fay to what extent this improvement niay add to the power of the- 
engine. 



VI. 

Inquiries relative to fie Laws of Affinity. By CiT* Berthollet. * 

{Continued from page io8.) 
On the Influence of the Proportions in Chnplex Affinities. 
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my former inquiries I have afcertained thepfincipal refttlfs afibrdtd-- by comply-: 
affinity, when the force of cohefion, oi" that of elaftidity are fuffici^ntly great to produce • 
that change of bafe which had been attributed to the fuperiorily of '' tht divellent affinities . 
over the quiefcent affinities; But I have negle£ted^to enter- iftto-the neceflary details for 
determining the changes which mifty arife-ftom- difftrent proportions of the fubftances. 
whidi ^re brought into aAioo, when the.f(0ree of icohe(ion \i not Sufficiently great to caufe • 
the eflFefls of this difference todifappear. I have pfomtfed (ia Art^ XII. No. 6>) to return , 
to this fbbjed', which I (hall now proceed to do. 

According to the theory which I* have laid down (Att* V. No. 5), all fu1>(hince8 exert a < 
mutual a£bion during the time they are in the liquid (late; fo that in a fdlution, for exam* 
pie, of fulpfaate of pot-adt and muriate of foda, thefe two fairs are not diftin£l, while there • 
hnooaufe to determine the feimration^ from their combination ( but that there -exiftS"ki> 
tins liquid^ fulphuric acid,* muriatic acid^ foda, and pot-a(h. lihall, however^ con^nueso . 
fl^ke u^ o(' the ordinary -language^ which after • this ooticei ought not to- produce . any y 
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2. I begin with mixtures in M-Iuch a confidesablc Jorce of ciy^llization miift determine 
ttc combinations which arc formed. 

Expermrnt A. Equal parts of jiitiate of lime and fulphite of pot-aTh were , mixed : 
after the fcparation of the fulphatc of Ume whjch was firft formed, and of which I Ihall 
fay more in the following e^iperimcnls, the liquid was eyaporatcdi and nothing was 
obtained by the fucccffivc operations but nitrate of potaOi and fulphate of Ijme. After 
the laft evaporation, however, fome cryftals of fulphate of pot-alh were procured ; thete 
remained but a very fmall quantity of uncryflallizablc liquid, which precipitated with (he 
eatbonatcof foda and with the nitrate of baritesi fo that it confiftcd of a little folphuiic 
acid and lime, and very probably a larger portion of nitrate of pot-afh. 

The quantity of fulphatc of lime which was depodied in the courte of the erapontionj 
was mnch more conCderable than would have been obtained from ftmplc folntion of this 
fait in water -, (o that its foiubllity was augmented by the action of the other Xubftancci, 

Exptrimeni B. Two parts of fulphatc of pot-afli, and one of nitrate of lime, gave by a 
firft evaporation fulphatc of polafti and fulphatc of lime; and by the fiiccccdlng evapora- 
tions, nitrate of pot-afh with the two fulphatcE, the proportions of which continued to 
decrcafe to the laft cryftallization. There remained only fome drops of the liquid unciy- 
flallized t they did not precipitate with the carbonate of foda, but did with the nitrate of 
barltcB : hence they were probably formed of fulphatc of pot-afh, and a fmall proportion of 
nitrate of pot-afli. 

Exptrimetii C. Two parts of nitrate of lime, and one part of fulphatc of pot-a(h, aS\)rded 
during the firll evaporation a fmall quantity of fulphatc of lime, and by cooling, nitrate 
ofpot-alh; the other evaporations only produced nitrate of pot-aOi. In the latter, how- 
ever, fome cryftals of fulphatc of lime were perceived at the furface of the liquid. Not- 
* witbltanding the rcfiduc, which was abundant, was fevcral times fubmiited to evaporatiqa 
and cooling, it no longer alTorded cryftals of any fait. This unctyllailizable*ieliduc treated 
with alcohol, formed an abundant dcpofition, which having been dllToIved in water, Ccarceiy 
aSbrdedany precipitate with the nitcate of baritcs; ib that it contained little or no ful- 
phuilc acid, and conflfted of pure nitrate of pot-aQi: the ponlon diflblvcd by alcohol .wai 
nitrate of lime, with a fmall portion of nitrate of pot-alh. Tbeuncrydallizablcrclidiiewfs 
tlierefore compofcd of nitrate of pot-afh and nitrate of Hinc, ■ 

In (his experiment we fee, that the fulphatc of lime was rendered much lefs foluble than 
in the preceding experiments; but that a conCderable quantity of nitrate of pot-a(h loCt 
the properly of cryftalliziog by the afllon exerted on it by the nitrate of Ume. 

^. In thcfc three cxpeiimcnts fulphatc of lime muft have been formed, becaufe the Ume 
rand folphuric acid coming in contafl, would fcparate on acccaunt of the infoliibility vlui^ 
'belongs to their combination. 

-The fulphatc of lime in the experunent A and in the experimcii t B, waa reodeifd intt^ 
more foluble than it naturally is, by the aftion of the fubftances which were in folatiooi 
but in the experiment C, its folubility was not fcnfibly iacreafeJ, probably bccaufe the 
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nfitfititf 6f ^fc aAfil^e riitrate tff ' pbt'^ WhkK formed the mor^dliaable liqaidf, mu* 
ttialiy etperifirtced a degfee of faturation, -which confiderably weakened their a£kion upon 
dii ttilphate of lime. 

\^i^ Prom thefd cotiOderationSi I fliaM proceed to deduce firft» the theory of the uncryftal- 
ti^ab^refidu^^'wfiich' are found iti the folutiona of faks whi^h are er^porated: it will be- 
don^rmfed by the fucoeeding obfervations. 

. Saline fubftances exercife upon each other an a£lion which increafes their {blubiiity, an 
etTcfi t&ai'has be^n particuhirly eRabllfhed by the experiments piibliflied by my learned 
colleague Vau'quelih \Annides de Chtmie, torn, xiii.) This mutual afkion Taries in the 
d[i@er^nt falts. It has however been thought^ that falts with an earthy bafe'do not increafe 
the fotubilicy of the nitrate of pot-afh, though thefe in reality increafe it the moft. 
^ Th^'re is dbubtlefs ill this refpe£V, a difference in the cfk(k produced by the falts^ whic)i 
£pen3s oh their natuVe ; bat this dSflerei^ce is in general very fniallj dompared wiih that 
whifh proceed.s from the force of cryftallization* 

,JExp€rtment D. 'A Vhixture of equal pares of nitrate of pot-a(h and fulphate of pot*a(h» 
attprded by evaporation, facceffiVely and in proportion to their folubijity, fulphate of pot>afb 

*and nitrate of pof-afli, without leaving.any drieryftallizable liquid } but the fame experi* 
ment being made with a mixture of nitrate of foda and fulphate -of foda, both of which 
cave ohfy a flight tendency to cryftalHze^ iand ar6 nearly of equad folubility, only a flnall . 

.'quah.tity blf.fdilptiat^'ciiF iToda is feparated by cryftallization, all the reft remaining liquid^ 
without any cryftallizatibn. A mixture of muriate of foda and fulphate of alumine having 
been fubmitted to the feme pfbo^' itwas clearly percrived that the two falts had .become 
more foluble \ biit tliey were inrirely feparated by the alternate evaporation and cooling. 

It is therefore feen that fubftances which poflefs a confideraUe.force of cryftaliizatioOy 
though rendered mpr^ fokible, ' feparate on account of their fcnfolubility, and leave very 

iStile or no uncryftilltza^l tditfttotii. 

But when falts are fpund which have only a feeble difpofitton to cryftallizertheir mutual 

.aQiop counterbalances their force of cry (lallization, fo that there then vemains much, liquid 
which cannot cryft^lllze^ and this' haipp^S^articilIarly when the refiduwn cpnuins a .fob- 
ftanceinitfeif uiiciryft^niisable;'arifiexperitlsent€, where by the proportioos employedy 
there w^ found a fuper^bundance of nitrate of limei which by ii0>adioii upon the nitrate 
€>f pot-aiDi rediiced a c6nliderabIewi)uahtityof^t fait Into an uncryftaillizableliquhL; : 
Whence therefore does it happen, ffaat the mdft Earned chemifts^ Lavotficr^Fourcroy» 

^-auquelih, Ctiytoii, and "the' -Commiflaries •of' the Academy '^of Sciences, omongi whofi 
mvfelf was one, could have been led by the experiments made upon the proof of Glt^petre^ 

*tpbfeiieve, thiat (he nitrate of Kme exerts no -afiioh tipon the nitrated* pot-aib* ^ot in* 
cfeaied its fol ability ?(^A. -ie Chimte^ toin;*t{:^ii.xv. Ittti^) It was becaufe,:in the 
cxpjbrimeiils that ^ere tniAt^ a water of nitrite of. pot rih waa put ta'digeft upon dried. 

* morale <^f Hme. llie^treriitcdaranlyxauKed a divifion^f ^^ walor vpon which. It has a 
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(Irong a£tion. It would therefore have prec'iplialcd % conflderable quantity of nitntc of 
pot-alh, if thii c&~e£t had not been compenfaicd, or nearly fo by the folubiliiy which it im* 
parted to that fait ; but if the folution had been evaporated, there would have l>'cn C»* 
(ranted by cryftallization much Icfs nitrate of poi-a(h than was contained in the liquid, and 
an uncryftallizable rcCiduum would have been left fimilar to that of cxpenmeni^. The 
proof therefore which might be conlidered as concluGvc for the objcfl ptopofcd, has in- 
duced an error refpe£ling the chemical phenomenon. 

Hence it follows, that when the mother waters of the falt-petre works are decontporcd 
by pot-afli, the niltatc of pot-afh obtained confids not only of that which has jofl been 
formed, but atfo that which was rendered uncrydallizablc by the falls with an earthy baG(. 
5. I made mixtures of cryflallized fulphate of foda and nitrate of lime. Here the ful- 
phate of fod4, and the nitmte of foda which might proceed from the opciAlion> di0creil 
'little in point of folubility, and bad a cryflallizing power Icfs confiderable than the ful- 
phaie and nitrate of pot-afh. 

Exptrimtnt £. Equa! parts of crydallized fulphate of foda and nitrate of lime, reduced 
to the ftaic of dryncfs, gave by cvaporalion only a fmall quantity of nitrate of foda. The 
-uncryftaliizable rclidue, which was abundant, did not precipitate with the muriate of bariiei, 
b«t with the oxalic acid. 

Experinunt F. Two parts of fulphate of foda, and one part of nitrate of lime, afforded 
after evaporation, a greater quantity of nitrate of foda than the preceding experiment i 
the uncrynallizable rcfiduc did not precipitate with the oxalic acid, but with the muriate of 
^ritct. In order to compare the two lall experiments with the cxpenmenis A, B and C, 
it mud be obferved, that the cryftallized fulphate of foda contains more than half its weight 
■of water of cryftallization. 

Even in experiment F flo fulphate of foda is formed, as fulphate of pot-a(h was formed 
in experiments A and B, becaufe the fulphate of pot-afli has a force of ciyflaliization much 
greater than the fulphate of foda, 

The refidue of experiment £ did not contain fuch a quantity of fulphuric acid as couM 
be rendered perceptible by the muriate of barites ; but it was formed of nitrate of foda and 
nitrate of lime, which probably, by their mutual a^ion, fu much exhaultcd their diflblvent 
power, as not to prevent the fcparation of the fulphate of lime No. 3. 

In experiment F the refidue was not precipitated by the oxalic acid, but by the mu- 
riate of barilcs i fo that this lefiduum was com po fed of fulphate of foda, and a greater 
proportion of nitrate of foda, which oautually prevented their cryftallization, as in expe- 
riment D. 

6. Ettptrinunt G. Equal parts of nitrate of pot-aOi and fulphate of foda^ gave by foe- 
celTivc cryflallizaiions, 1 . fulphate of pot-a(h, and fome fmall crydals of nitrate of pot-alli ; 
2. a little fulphate of pot-afli. and a greater ptoportion of nitrate of pot-afh ; 3. fmall cry- 
ftali i»f tutrate of pot-afb. and much nitrate of foda : there was an uncryflaDizabJe reGdue. 
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notwithftanding tKe care which had been taken to obtain the utmoft cryftaliization ; this 
refidue was formed of nitrates and fulphates; for it precipitated abundantly with the 
mtrate of baritesy and after drying it flowed on ignited charcoal. This experiment ought 
to be compared with experiment F. 

Experiment H. One part of nitrate of pot-afh, and two of fulphate of foda, gave, I. 
fulphate of pot-a(h ; 2. fulphate of pot-a(h, and fome needles of nitrate of pot-afh ; 3. ful- 
phate of pot-a(h in fmall prifms, fufpended from a pellicle formed by nitrate of foda, fine 
cryftals of nitrate of pot-afli and nitrate of (oda ; the refidue contained nitrates and fulphates* 
' In thefe two experiments, the leaft foluble fait of thofe which were formed, viz, the 
fulphate of pot-a(h) was the firft which cryftallized. When the proportions had been thus 
changed, the a£lion of the nitric acid on the pot-a(h refumed its fuperiority, and nitrate 
of pot-aih was formed, though the liquid ftili contained fulphuric acid. 

In the fecond, the more abundant fulphuric acid gave rife to a greater quantity of ful- 
phate of pot-a(h; but after the firft cryftallization, more nitrate of pot-afh was formed, 
-though there would have been a fufficient quantity of fulphuric acid to caufe a complete 
change of bafe, if this exchange could have been made as has been imagined. The refidue 
-was formed even in experiment Q, of fulphate of foda and nitrate of foda ; and probably of 
a fmall quantity 6f fait with bafe of pot-aOi. 

7. Experiment I. Equal weights of nitrate of pot-a(h and muriate of lime were mixed 
together : by evaporation there were obtained, 1. nitrate of pot-afli ; 2. muriate of pot-alhy 
in which was found a little nitrate of pot-a(h : the refidue gave with the fulphuric acid aa 
4rt)undant precipitate of fulphate of lime, and vapours of muriatic and nitric acid were 
4iifengaged. 

Experifnent K. ^ The experiment having been made with two parts of muriate of lime^ 
and one of nitrate of pot-iafli, an abundant cryftallization was dEtOxA, of muriate of pot- 
^(h with no appearance of nitrate ; the refidue treated as in the preceding experiment, gave 
analogous refults. 

Experiment L. A mixture was made the reverfe of thofe of the preceding experiments % 
it was formed of equal parts of muriate of pot-afli and nitrate of lime. It afforded, i. 
nitrate of pot-afh, mixed with a little muriate of pot-afh ; 2. muriate of pot-aih, which 
was mixed with a fmall quantity of nitrate of pot-afh. The uncryftallizable refiduum was 
<liflblved in alcohol ; there was a fcparatioil of nitrate of pot-afh, which was fufed upon 
ignited charcoal, but contained a little muriate of pot-afh, as was feen by the tcft of the 
folntion of filver. The fulphuric acid fhewcd, that the part diffolved by the alcohol con« 
tained muriatic acid, nitric acid, and lime. 

In the experiments above defcribed, and in which fubftanccs were employed whofe com- 
binations could not have aconfiderable force of cryftallization, and diflRsied but little among 
each other in this refpe£t, it is evident, that the formation of the falts which were after- 
wards, obtained by cryftallization, depended on the proportions of the fubftances which 
mutually a&ed among each otlier. In experiment I, which might. aflFord nitrate and mu- 
riate of pot-afh ; as t^efe two falts difTered little in their folubjlity, which however is rather 
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the leaft in the Utter, the nitrate of pot-a(h was obiainedby the Grfl cryflallizatlon ; b«t w 
in espcTiment K the muriatic acid cxiflcd in a gtcater propoiciotit muriate of pot>alh only 
was then obtaiued : one part of pot-alh with muriatic acid, niiric acid and lime forntett 
the refiduum. The proportions employed in experiment L, differed little from thofe of I^ 
and the refults were nearly the fame. 

OppoHte combinations cheiefore arc obtained according to riie proportions employed^ or 
according to the period of cryftallization ; that is to fay, according to the proportions of 
the fubllances which remain in a£lion, when a fufhcient force of cohefion docs not exill in 
the combinations that might be formed. But according to the opinion adopted by che- 
mills, the entire change of bafe which it is affirmed muil take place, may be judged of 
even by a firft cryftallizalion. 

If, for example, niiraie of pot-afh be firll obtained from the proportions which bare 
been employed of muriate of pot-alh and nitrate of lime, a conclufion is made, that ait 
exchange of bafe has been cffefled between the muriatic and nitric acids> If other pro- 
portions had been employed which would baye alTorded muriate of pot-afli, as in expcri- 
inent K, an oppofitc confequcncc would have been drawn. Chcmifls have even gone far- 
ther: from the conclufion refpefling the change of bafe, for example, hetweeii the mu- 
riatic and nitric acids, a farther inference has been made, that the combinations oppolits 
to ihofe which afforded fueh a change, would not be at all affected by their mixture. 

8. I have examined what chnngc might be produced in the refults by a fubftance which 
has the property of forming triple falts, fuch as magnefia, 

Experimtai M. Equal parts of fulphaCe of pot-alh and muriate of magnefia, aSbrdcd, i. 
fulphate of pot-alh } 3. fulphate of pot-aOi, a little muriate of pot-a(h, and a triple falty 
compofed of fulphuric acid, pot-a(h, and magnefia ; this fait forms fine rhomboids, which, 
by expofure to the air, do not lofe their tranfpaiency ; its folubility Is nearly the fame as 
that of the fulphate of pot-alh : 3. muriate of pot-alh and fulphate of magneGa. The rC' 
fiduum contained fulphuric acid, muriatic acid, pot-alh, and magnelia. 

Expaiminl\i. Two parts of muriate of magnefia, and one of -fulphate of pot-afh, 
afforded, t. fulphate of pot-afh ; s. muriate of pot-alh, and the triple fait of the preceding 
experiment; 3. muriate of pot-alb, and fulphate of magneGa: the reliduum was analogotu 
to that of the preceding experiment- 
In experiment M, fulphate of pot-afh was obtained by two cryflallizations % but in expe- 
riment N, where the muriaiic acid was in a greater proportion, it u*aa obtained on the 
firft cryftallization ; the triple fait, which in folubilily nearly approaches the fulphate of 
pot-afh, cryllallized after the fecond evaporation. "When the proportion of fulphuric acid 
was fufficiently diminifhed by (hefe cryftallizatious, then the muriate of pot-alh was 
fcparated, nearly according to the order of folubiliCy ; and lafily the magnefia, which being 
Aill abundant, cryflallizes with part of the fulphuric acid. 

We fee that a different opinion might have been formed in thcfe two experiments, ac- 
cording to the period of llie cryftallization to which the attention might tuve been diredlcd, 
3 . and 
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Mid how far diftant ffom truth the eftaUiflied opinion is, that a coTC^\tit change of bafes 
takes place on the mixture of muriate of magnefia and the fulphate of pot-a(h. 

In experiment M^ where the fulphuric acid w^s prefent ,in greater proportion, fulphite 
of pot-a(h was obtained in both the firft cryljallizations; but in experiment N, where the 
muriatic acid had more influence by its relative quantity, fulphate of pot-afli was -obtained 
only in the firfl: crydallization ; the magneHa^ for the mod part^' remained in the un- 
cryftallizable reGduC) becaufe it has no force of cryftallization with the muriatic acid, and 
only a weak power with the fulphuric acid ; other falts which would in other circumftances 
have been cryftallizablei are retained in the refiduc which pppofes their cryftallization. 

The difference obferved between the refults of thefe two experiments, and thofe of the 
experiments A, B, and C, in which a deliquefcent calcareous fait was put into a£tion 
with the fulphate of pot-afh, correfponds exadlly with the difference of folubility which 
exifts between the fulphate of lime and the fulphate of magnefia. 

^ After having treated of faline fubftances in the preceding experiments, as if they 
formed feparate or di(lin£t combinations in a liquid, I (hall now confider fome effe£ls 
which are owing to the mutual adlion which is in reality exerted by them all when they 
are mixed in this ftate. 

Experiment O. Aqueous folution of the acetite of lead was gradually .poured into a fola- 
tion of muriate of foda, till no more precipitate was produced. The liquid which remained 
above the precipitate ttrongly reddened blue paper, which effe£l was not produced by the 
mere folution of the acetite of lead, nor by the muriate of foda j but it affumed a deep 
colour with the hydro*fulphurets, and afforded an abundant precipitate with the muriatic ' 
and fulphuric acids. During its evaporation a depofition was formed of a fcarcely folublc 
muriate of lead, and alfo a cruft which had not a cryftalline appearance, and which will be 
fpoken of hereafter. Laftly, fome fine cryftals were obtained, which were an acetite of 
foda, and an oxide of lead. On diffolving the faline crud, a depofition took place of 
muriate of lead with excefs of oxide, analogous to that defcribed by Vauquelin {Annales 
ii Chlmie^ t. xxxi.) It was neccffary to repeat the folution and cryftallization feveral 
times, before the depofition ceafed. The faline cruft was thus, or at this period, divided* 
into two fubftances, muriate of foda, and muriate of lead. 

If the muriatic acid remain engaged in the acid together with the acetous, as both acids 
are volatile, the excefs which is but (lightly engaged, and which may be expelled by the 
a£iion of heat, muft be pompofed of two acids. In fa£t, having diftilled a mixture fimilar 
to the preceding, after having feparated the depofition which was firft fdrmed, the liquid 
which paffed into the recdver contained acetous and muriatic acid; this circumftance 
defenres particular attention, and ferves to explain feveral obfervations.' 

lo. Citizen Prieur has obferved that when lead is employed for purifying the folution of 
Clver mixed with muriatic acid, a part of the laft-mentioned acid paffed over by diftiila* 
tion. This happens becaufe the muriate of lead is foluble, ai^d even very much fo by the 
aAion of the nitric acid. The liquid is therefore compofed of oxide of l^ad, muriatic acid 
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and nitric acid. The oxide of lend divides ita a£tion upon ihe two acids, and both are fut^ 
jefled to the nftion of cxpanfibiliiy produced by heat. 

If ihc fulphuric acid were to be retained, lead would be an eFEcacious medium ; i. be- 
oufe the fulphaie of lead is much Icfs foluble than (he muriate; 3. becaufe the fulphuric 
acid is much Icfs volatile than the murintic acid. 

The muriate of (ilver being much lefs foluble than the muriaie of lead, filver is much 
better than lead for retaining the muriatic acid, which is found mixed with nitric acid. 
Vcltcr and Bonjgur have neverthclcfs obfcrvcd that muriatic acid always came OTcr in 
diftillatioii, when the operation was made without the precautions pointed out by thofe 
learned cbcmiils. To obtain a pure nitric acid immediately, tt is necelTary to oiake the 
operation upon an acid little concentrated, in order that it may not hold in folution anj^ 
muriate of filvcr, and to fepaiate the muiiatc of filver which precipitates before the li<{Utd 
is fubjeCted to the a£lion of heat, or which is preferable, to precipitate by the folutton of 
(ilver, the muriatic acid from the nitrate of pot-afii ; after wliich, by decompoling this 
nitrate, the nitric acid is obtained perfcflly free from muriatic acid. 

When muriate of filver remains in (lie folution, a very pure nitric acid may nevefthctcfft 
be obtained by ditlillation, by fetting afiJe the firll portion which diflils over, till it is fecii 
by the left that no more muriatic acid is afforded. For as the chemifts I have juft quoted 
obferved, the muriatic acid in this proccfs affumcs the nature of oxigcnatcd muriatic acid* 
and is difengaged in this (late at the beginning of the operation. 

Experiment P. Sulphate of pot-adi having been treated with the acetite of lead, in tbe 
fame manner as the muriate of pot-a{h, fuiphatc of lead was precipitated. The liquid re- 
tained only a fraall quantity of oxide of lead. By the progrcfs of evaporation fome ctydaJs 
of fulpliaie of pot-afh were obtained, though before the evapornuon the acctiie of lead pro- 
duced no more precipitate ■, and, hilly, the acetite of pot-afh, which retained a fmall 
cjuantity of oxide of lead. The decompofition of the fuiphatc of pot-alh was much more 
complete than that of the muriate of foda. 

In the experiments I have juft defcribed, we fee, then, that the decompo fit ions, or ex- 
change of bafes, alfo follow the order of the folubillties of the combinations which maf 
be formed, and that the only difference obferved in moll of the preceding cxperiment& arifcs- 
from the properly poffelTed by the oxide of lead of forming triple combinatioos, whidl 
fomctimes again feparate in combinations of different degrees of folubilityt as happens wkb 
the muriate of foda and of lead. Experiment O. 

1 1. The following experiment will confirm the truth that the force of cohcfion producer 
a different effc£l, according to the properties of the foivenL 

Experiment Q^ 1 mixed an aqueous folution of plombatc of foda with the water at 
fulphate of foda, a (light precipitate only was produced, though the fulphuric and muriatic 
acids, if added, would have produced an abundant precipitate : when the eiperimeilt wa» 
made with the m.uxi3ic of foda, the precipitate was much more abuadant (ban with tite 
fulphace of foda^ 
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On the firft view, thefe effeds may appear to be contrary to the principles I have 
eftabliflied. For the fulphate of lead is much lefs foluble than the muriate of lead \ fo that 
it might be expected that a more abundant precipitate would be obtained in the experiment 
made with the fulphate of foda than in that with the muriate of foda. This happens 
otherwife becaufe the fulphate of lead is much more foluble in foda, as I have afcertained^ 
than the muriate of lead, with excefs of oxide, fuch as is precipitated in the preceding ex- 
periments. And the precipitation is not a direfl confequence of the force of cohcfion, but 
arifes from the excefs of the force of cohefion beyond that of the folvent. 

12. The obfervations which I have prefented in this memoir may be reduced to the 
following refults. In the complex affinities, or double affinities, the force of cohefion^ 
when confiderable, and differing much in its inteniity among the combinations which may 
be formed, determines a change of bafes^ in fuch a manner that the mod infoluble com- 
bination is formed and feparated independently of the proportions, which have an in- 
fluence only upon the (late of thofe fubftances which remain in folution. The rcfult of 
a mixture of different faline fubftances may therefore be foretold from the mere con- 
fideration of folubility. 

In this cafe the adopted theory of the quiefcent and divellent affinities does not miflead us» 
as to the principal refult, that is to fay, the formation of the infoluble fait. Byt as it is not 
deduced from fa£ls of a fuperior order, it will demand as many experiments as particular 
fa&s. The do£lrine is not edabliflied upon any foundation from which we can foretel the 
mutual aflions of fubftances prefented to each other ; and again it has the difadvantage o£ 
affording no indication refpe£ting the properties which the remaining fluid portion ought 
%o exhibit when fubje£led to evaporation, or to the a£iion of a new fubftance. 

Though this certain relation in the refults may be produ£live of doubt as to the theory in 
the foregoing cafe, it is not the fame when there is but a fmall diftance between the folu- 
bility of the combinations that may be formed. The proportions of the fubftances, ia 
quantity, then determine the formation of the different falts, either by a firft cryftallization» 
or by cryftallizations which, by fubtrading fome of the pares, muft alter the proportion^ 
and occafion a difference in the difpofition of the remaining principles to cryftallize in the 
fucceffive formation of the falts. It is here that the application of the theory of the 
quiefcent and divellent affinities may produce many errors, by leading us to conclude from 
the commencement of the phenomenon that the fubfequent effects will be all of the fame 
defcription, though in reality a fucceffion of oppofite combinations may be eftabliihedi 
according to the forces which are made to a£l at the moment of their refpective feparations 

The joint confideration of the difference of folubiKty, and of the proportions employed, 
or which vary at the different periods of an operation, muft confequently be our fole guide 
in the explanation of the fucceffive formation of different falts which have no great 
difference in folubility. It is true, neverthelefs, that the mutual action of the fubftances 
themfelves may produce fome difference ip the refults^ which would be indicated by the 
preceding obfervations; 
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All ful}ftanc«3 which iiTc in Tolution exeii: a mutual a£lion, wliich tncrcafct tlieir 
folubitiljr. Hence ilic reafon why h i& dtJEcuU to obtain, by a firft cryftallizatiaa, each 
fait in a (late of parity ; except in the cafe where it diff(;rs coiifiilevablf from th« oibers ia 
its force of cryftalltzation. Hence aiife ihe uncryftaUizabic refidues which fucceed the 
CTyftal!iz;icions wherein fahs are fount) in the liquid, which pofrcTs but Itiilc force ol 
cohcGon. But here alfo the confideration of the pioporiions and of the folubility will lUU 
beufcful to predict the exigence and compofition of an uncryilaitizablc rcfiduum. 

While ihc fubrtances arc !n folution, the adion which they mutually exert rendcra it 
cafy to expel an acid from a combination, though, according to (he received opinioDi it 
ought to affume the place of another, and which was fuppofed to be weaker. 

When infotubiliiy is confidcred, ic muft not be regarded as an abfolute property, but m 
a property relative [o the liquid in which a precipitaiion is made. Thus a cotnbinaliou 
infolnblc in water may lofe this property when the wat^r holds alkali in folution. 

In all the experiments I have d:feribed, and in fevcral others which ! have thought it 
ufelefs to defcribe, I perceived no change of faturation, either after the mixture of tha 
neutral falls, or after the feparation of the precipitates or cryftallizations which took 
place, except in the (txperlmcnts P, Q^, made with a metallic fubflance. This permanent 
ftate of ncuwalizaiion, after ibe change of halves which took place, feems to indicate that 
tbc acids have c6n(lant refano'ns of quantity, in the neutral falls they form, with different 
slkaline or earthy bafes. So that iF the fuiphuric acid for example, be found in greater 
proportion in the fulphate of pot-a(h than in the fulphaie of lime; the muriatic acid with 
which it may make an exchange of bafe will be found in the fame ratio of quaatilf 
in the muriate of lime and in the muriate of pot-a(h i a conclufion that would not agree 
with the proportions which have often been attributed by chemifts to tlie component parts 
of the different non-metallic falls. Cuyton has already made feverat very jull and im- 
portant reflexions on this fubjeft, and he quotes the obfervations of Richcter, with whofe 
work I am not jtt acquainted. {Annaitt dt Chimie, tom. xxv. p. 193). 

(To be nminurd.) 



The reader will perceive that I have fuppofed this trcalife to have been concluded in 5 
foriner number ; into which error I was led by the want of any intimation in the Annals 
that more was to be expe£led. But every cultivator of fcience will rejoice with me that 
ihefe refearches, which fhew the wonderful Ikill and acutenefs of their author, and muft 
produce an almoft iota! revolution in our obfervations and rcafoning on chemical cffc£lS( 
*re more extenCve than we at firft imagined.— N. 
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VII, 

On the XJfc ^f Suam as a Vehicle fir conveying Heat fi^m cne Place to another. 

Sy Count RuMFORD.^ 
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ORE than fifty years ago, Colonel William Cook, in a Paper prefented by him to 
the Royal Society, and publiihed in their Tranfaftions^ made a propofal for warming rooms 
by meanaof metallic t^bts filled with fteam, and communicating with a boiler fituaced out 
of the room; which propofal was accompanied by an engraving, which (bowed, in a man« 
tier perfe6lly clear and diftind, how this might be effefted. Since that time this fchcme 
has- frequently been put in praAice with fuccefs, both in this country and on the Conti- ,. 
nent. t Many attempts have likewife been made, at different periods, to heat liquids by « 
means of (leam introduced into them ; but mod of thefe have failed : and, indeed, until it 
was known that fluids are nonconduAors of heat^ and, confequently, that heat cannot be 
made to defccnd in them — (which is a recent difcovery), — thefe attempts could hardly fuc- 
eeed ; for, in order to their being fuccefsful, it is abfolutely necefTary that the tube which' 
conveys the hot fteam (houkl open into the lotvejlpart of the veirel which contains the liquid 
to be heated, or on a level with its bottom ;-— but as long as the erroneous opinion ob- 
tained, that heat could pafs in fluids in all direffionSf there did not appear to be any reafon 
for placing the opening of the (leam tube at the bottom^/ the vrjfel^ while many- were at hand 
which pointed out other places as being more convenient for it. 

But to fucceed in heating liquids by fteam, it is neceflTary, not only that the fteam (hould 
enter the liquid at the bottom of the ve(rel which contains it, but alfo that it (hould entei: 
it coming fiom above. The fteam tube (hould be in a vertical pofition, and the fteam ihould 
defcend through it previous to its entering the veflel, and mixing with the liquid which it is 
to heat; otherwife this liquid will be in danger of being forced back by this opening into 
the fteam boiler; for the hot fteam being fuddenly condenfed on coming into conta£t with 
the cold liquid, a vacuum will neceflarily be fovmed In the end of the tube ; into which 
Tacuum the liquid in the veflel — prefled by the whole weight of the incumbent atmofphere-* 
will ru(h with great force, and with a loud noife ; but if this- tube be placed in a vertical ^ 
pofition, and if it be made to rife to the height of fix or feven feet, the liquid which is- 
thus forced- into its lower end will not have time to rife to that height before it will be met 
by fteam and obliged to return back into the vefTel. — There will be no difliculty in arrange 
ing the apparatus in fuch a manner as eflTeftually to prevent the liquid to be heated from 

s Journal of the Royal Inftitution I. 34» 

f AithoDgh one (hould natural!y imagine that the notoriety of ihefe fads would have been fufficient to 
prevent all attempts in our days to claim a right to this invention, yet it is faid that a patent for it was 
taken out only a few years ago. . 
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bein^ forced backwards into the ftcam boiler j and, when this is done, and feme eiher ne- 
cefliiry precautions to prevent accidents arc taken, fteam may be employed with great ad- 
vantage for heating liijuids ; and for keeping them hot, in a variety of cafes, in which Cic, 
applied Immediately to the bottoms of the containing vcflcls, is now ufed. 

In dyeing, for indance, and in brewing; and in the procefTes of many other arts and 
manufactures, the adoption of this method of applying heat would be attended, not otiEy 
with 3 great faving f'f labour and of fuel ; but alfo of a conliderable faving of expence la 
ihc purchafe and repairs of boilers, and of other cxpeofivc machinery : for when (learn is 
ufed inflead of lire for beating their contents, boilers msy be made extremely thin and 
light ; and, as they may eafily be fupported and ftrengthened by hoops and braces of iron, 
and other cheap materials, they will coft but little, and feldom Il.iiid in need of repairs. 
To thcfe advantages wc may add otlicrs of ftjll greater imponance : boilers intended to be 
heated in this manner may, without the fmaiielt difficulty, be placed in any part of a 
room— at any diftancc from the fire; — and in (ituations in which tJiey may be approached 
freely on every fide. They may moreover eaGly be fo furroundcd with wood, or with 
other cheap fub{lanccs which form warm covering, as mofl completely to confine the heat 
within them, and prevent )[6 cfcape. The tubes by which the fteam is brought from the 
principal boiler (which tubes may conveniently be fufpeuded juft below the cieling of the 
room) may, in like muincr, be covered, fo as almoA intirely to prevent all lofs of heat by 
tlic furfaces of lliem ; and this to whatever dlilances they may be made to extend. 

In lufpcnding ilicfc fteam tubes, care muft, however, be taken to lay them in a litaatioa 
mt perfeHly horizoiilal under the cieling, but to incline them at a fmall angle, making them 
rife gradually from their junflion with the top of a large vertical (team tube, connedliog 
them with ibc fteam boiler, quite to their fattheft extremities: for, when thefe tubes are 
fo placed, it is evident that all the water formed in them, in confcqucnce of the co tide n- 
fation of the fteam in its palTage through them, will run backwards and fall into the boiler, 
jnftead of accumulating in them, and obftrufling the paiTige of the fteam, — which it would 
cot fail to do were there any confiderable bends or wavings, upwards and downwards, iu 
thefe tubes— or of running forward and dcfcending with the fteam into the velTels con- 
laining the liquids to be heated ; — which would happen if thefe tubes inclined do-wnwor4tt 
inftead of inclining upwards, as they recede from the boiler. 



(To tf ientittutd.) 
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ARTICLE I. 

jt Lttttrfrom Tbomas Yovhg, M. D. F. R. S. Profeffor of Natural PhUofophy in the Rojat 
In/iituiion, refpeEt'mg Sound and Ligbt^ and in Reply to fame Ohftrvationt of Proftffor 
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N the fupplement of the Encyclopedia Britannica, are inferted fereral excellent articles 
by Profeflbr Robifon of Edinburgh : one of them appears to require fome public notice on 
my part, and I confider your valuable Journal as the mod eligible channel for fuch a com* 
munlcation, efpecially as you have lately done me the honour of reprinting the paper 
ivhich gave rife to the ProfefTor's animadverfions. But in the firft place, I (hall beg leave 
to recall the attention of your readers, by a fummary enumerationi to the principal poCtiona 
which Iliave in that paper endeavoured to eftablifli. 

I. Sound, as tranfmitted through the atmofphere, conCfts in an undulatory motion of 

the particles of the air, Se£l. III. This is generally admitted ; but as the contrary has even 

very lately been aflerted, it is not fuperfluous to have decifive evidence of the fadi. Pro- 

feiTor Robifon's experiment with the ftop-cock fumiflies an argument nearly Gmilar. 
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2. A current of air, forced by. a moderate preflure through a cylindrical pipC) dlyerges 
the lefs as its velocity is lefs, SeA. IL 

3. At a certain point the divergency of fuch a current increafes fuddenlyi and the cur« 
rent mixes with the furrounding air^ Sed. II. 

4. So farjs fuch a motion from fpreading equally in all diredlionSy that on every fide of 
the current the air is urged more towards it than from it, SeA. II. 

5. Sv.und, admitted through an aperture, does not by any means diverge equally in alh 
dire£lions, and is probably very weak except in dire£tions nearly re£tilinear« From poC* 
tion 2 and 4, and from experiencCy Se£t. VI. 

6. Sound probably decays in the duplicate ratio of the di(tance> Se£t. VII« 

7. A fimilar blaft of air produces nearly a fimilar found, in organ pipes properly com* 
mcnfuratc, Seft. VIII. 

8. Light is probably the undulation of an elaftic medium, Se£l;. X. 

A. Bccaufc its velocity in the fame medium is always equal* 

B. Becaufe all refractions are attended with a partial reflection. 

C. Becaufe there is no reafon to expe£t that fuch a vibration (hould diverge equally xct 
all directions, and becaufe it is probable that it does diverge in a fmall degree in cverf 
direction. 

D. Becaufe the difperfion of differently coloured rays is no more incompatible with this 
fyftem than with the common opinion, which only alligns for it the nominal caufe of dif- 
ferent elective attradions. 

£. Becaufe refraCtion and reflection in general are equally explicable on both fuppofitions^ 

F. Becaufe inflection is as well, and, it may be added, even much better explained by 
this theory. 

G. Becaufe all the phsenomena of the colours of thin plates, which are in reality totally 
unintelligible on the common hypothefis, admit a very complete and fimple explanation by 
this fuppoficion. The analogy which is here fuperfieially indicated will probably foon be 
made public more in detail ; and will alfo be extended to the colours of thick plates, and 
to the fringes produced by infleCtion> affording, from Newton's own elaborate experimenlSy. 
\ mod convincing, argument in favour of this fyftem. 

9. The particles of air may be jointly aCtuated by two or more {bund8» and in this cafir^ 
the feveral motions are to be added or fubtraCted, in order to find the aCiual jpinc motion^ 
Sea. XL 

10. The grave harmonic produced by a major third is accompanied by a very audible 
twelfth. This circumftance is explained, and the efEed of fultordinate notes and fubaltem 
ftops, oh the quality of founds, is fliown by figures, SeCt. XI. 

1 1. A nolfe returning every fecond, if audible,, would be a C From Sauveuc; with aa 
experiment, SeCt. XIL 

12. A chord retains always, the. form, of Its initial vibration. From cxperimentfi^ in fa- 
vour of Filler's theorem, againft the fimple harmonic cucve, Se£t. XUL 
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13. The vibration of a chord it fcarccly ever performed la the fame plane. Its revolu-t 
tionSf and its fubordinate vibrations, may be rendered diftinAIy tifible under the micro- 
itope» Sea. XIII. 

14. If a chord be infle£led at any point of aliquot divifioni the harmonic fecondary note 
correfponding to that divifion will not be audible; an experiment contradiflory to fome 
theories of the origin and of the infeparable nature of harmonic founds, SeA. XIIL 

15. The human voice is analogous to the organ pipe denominated from it, which con* 
fifts of a tongue piece without any commenfurate tube * and the falfetto is probably formed 
by the upper orifice'of the trachea afiuming the fundions of the glottis* Sed. XV. 

16. A temperament of progreffive imperfeaion is the moft convenient for praftical 
muGc, and is eafily approximated by tuning fix perfed, and fix equally imperfe£t fifths, 
Sea. XVL 

From the detached nature of the fubjefls which I have here enumerated, and the impe r« 
itCt (late of thefe branches of the mathematics to which they refer, it would have been in 
vain to attempt a very perfpicuous and detailed difcuflion of them. My refearches on thefe 
fub^efls have been much intemiptedi and probably will not be very (hortly refumed^ but 
K they are of no further ufe to anyperfon, I (hall not think my labour loft; for I flatter 
tnyfelf that the inferences, which they have led me to draw refpeCUng the theory of co- 
lours, will throw new light on all the moft interefting parts of optics, while by a compa- 
tifon with the obvious inferences from Dr. HerfchePs important difcoveries, they will alfo 
lead to fome material illuftrations of the phenomena of heat. 

I (hall now trouble you with fome remarks in reply to ProfefTor Robifon : the paiTage to 
which I allude is this : 

** We are furprifed to fee this work of Dr. Smith greatly undervalued^ by a moft inge- 
nious gentleman in the Philofophical TranfaAions for 1800, and called a large and ob-* 
fcure volume, which leaves the matter juft as it was, and its refults ufelefs and impradi- 
cable. We are forry to fee this ; becaufe we have great expeAations from the future 
labours of this gentleman in the field of harmonics, land his late work is rich in refined and 
valuable matter. We prefume humbly to recommend to him attention to his own admo- 
mtions to a very young and ingenious gentleman, who, he thinks, proceeded too far in 
animadverting on the writings of Newton, Barrow, and oth^r eminent mathematicians/'. 
Encyclop. ^rit. Suppl. Art. Temperament, p. 652. 

According therefore to the author of this article, I have in the firft place taken the 
liberty of giving fevere advice, to a young mathematician who had never a(kcd it ; fe- 
condly, this advice is equally applicable to my own prefumption ; and thirdly, Dr. Smith's 
treatife on harmonics is a work intitled to the higheft praife. 

I did in fa£t endeavour to'fhew, that the gentleman in queftion had overlooked the la- 
bours of fome former authors relative to his fubje£t, but I accompanied my remarks with 
nothing like admonition. After obferving that at prefent a geometrician may very eafily 
fancy he has made difcoveries, when the fame fafts ^erc known and forgotten long before 
he exiftedi I proceeded in thefe words : 
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^ An inftance of this has lately occurred to a young gentleman in Edinburgh^ a man 
who certainly promifes in the courfe, of time to add confiderabjy to our knowledge of the 
laws of nature. The tra£tory-— was firft defcribed by Huygens : Bomic and Perks haye. 
(hewn, that it is the involute of the catenaria.— =>The curve which the author calls a cycloid 
is the companion of a trochoid^ and is only a diftortion of the figure by which Niswton had 
very fimply and elegantly folved the fame problem.-— On the whole it appears, that this in^ 
genious gentleix\an has been fomewhat unfortunate in the choice of thofe proble.msi which 
he has feleAed as fpecimens of the elegance of the. modern mode of demonftration/' Eflay 
on cycloidal curves, Britilh magazine for April 1800. Is this an admonition ? Or is there 
here any remark which can at all apply to my infenfibility to Dr. Smith's oierit in harmonics ? 

I have read Dr. Smith's work with attention, and I iinagine^ from the polite manner in 
which Profefibr Robifon is pleafed to fpeak of my eifay, he will not heGtate to allow that 
I have underftood it. I took it up with great expe£):ati6ns ; thefe expe^ations having been 
completely difappointed, I thought it right to (late my cool and unprejudiced opinion of its 
merits, in order to prevent a fimilar difappointment in others. It is impoffible therefore 
that an '^ attention", to any '* admonitions" of a general nature, wherever they may b^ 
foundy can influence fuch an opinion ; and fo far only as I am fuppofed to be an incom- 
petent judge on the fubje£k of harmonics, can it be aflTerted that it waa either blameable or 
fuperfluous for me to exprefs that opinion. As a mathematician and an optician I value 
Dr. Smith highly, but I mud (till beg leave to affirm, that his whole book of harmonics 
contains far, far lefs informatipn, than either of the articles Temperament and Trumpet 
in the fupplement of the Encyclopaedia. 

I do not mean to be underftood that this work is fo contemptible, as not to contain the 
leaft particle of important matter ; but it appears to me that its errors counterbalance its 
merits. The only improvement on which Profefibr Robifon himfelf feems to fet a high 
value, is the application of the phsenomena of beats to tuning an inftrument : on the other 
hand, I conceive that the miftatement relative to the non-interference of different founds, 
is an inaccuracy which far outweighs the merit of Dr. Smith's (hare of that improvement* 
I have aflerted, that " Dr. Smith has written a large and obfcure volume, which for every 
** purpofe but for the ufe of an impracticable inftrument, leaves the whole fubjeft of tem- 
^Vperament precifely where it found it," and that ^^ the fyftem propofed for his changeable 
*' harpfichord is neither in that nor in any other form capable of practical application.'* 
Frofeflbr Robifon on the contrary fays,/* wc do not fee how it can be difputed, that Dr. 
** Smithes theory of the beating of imperfe£l confonances, is one of the moft important 
*' difcoveries both for the praflice and the fcience of mufic, that have been offered to the 
^^ public. We are inclined to confider it as the moft important that has been made fince 
** the days of Galileo. We are obliged to call it his difcovery. Merfennus indeed had 
^* taken particular notice of this undulation of imperfect confonances, and had offered con* 
'^ jedures as to their caufes ; conjeflures not unworthy of his great ingenuity. Mr. Sauveuc 
*^ alfo takes a ftill more particular notice of this phsenomenoojt and makes a moft ingenious 
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^ life of it for the folu^tion of a very important mufical problem." P. 652 and 651. Wliy 
then are we obliged to call it Dr. Smith's difcovery, or indeed any difcovery at atl ? Sauveur 
had' already given diredion ^ for tuning an orgad pipe by means of the rapidity of its beating 
with others. Mem, de TAc. 1701. p. 475. Ed. Amft. Dr. Smith ingenioufly enough 
attended the method : but it appears to me that the extenGon was perfedly obvious» and 
wh(^ly undeferving of the name cither of a difcovery or of a theory. If ProfeiTqr R9bifon 
thinks otherwife, there i^ nothing further to be faid ; but in all probability Dr. Smith con-, 
fidered this improvement as a very inconCderable part of the merit of his treatife. No doubt 
an organ may be more accurately tuned by counting the beats than by any other method^ 
although it may be queftioned, whether the advantage of counting the abfolute frequency of 
the beats will ever pradlically compenfate the tedioufnefs of the procefs. ' 

It remains to be confidered, whether Dr. Smith's changeable harpGchord is or is not an 
impraAicable inftrui^ent; for, whatetcr Signor Doria jofiight exclaim, Dr. Smith himfelf 
does not recommend his fcale for common ufe. It is the opinion of many unprejudiced 
practical perfons,. that all occafional introdu^ions of different femi-tones is perfeAIy im- 
pradicable *» and fome who have heard the tffcCt of Dr. Smith's inftrument) have declared 
that to tbem it was by lio means agreeable. And indeed if we pay fufficient attention to 
thepaffages and modulations of the greateft compofersi we (hall be convinced) that grant-- 
ing all poffible dexterity in the performer, it would be abfolutely impracticable to adapt 
them to an inftrument, fo difierent from that for which they were compofed> as Dr.* Smith's 
is from the common harpGchord. It may eafily be conceived, that an organ very corre£lly 
tuned, as Mr. Watts's probably was, for a particular key, might appear *' fopra modo 
belliflimo" in that key; but'' the fequel of the (lory (hews literally what Dr. Smith has 
allowed, that his temperament is inapplicable to our inftruments, fince it was utterly im- 
pofllble to fing with it in the key of £e s, a key of exceedingly frequent occurrence. I have 
been informed on the bed authority, that Dr. Smith reftri6ied the organift of Trinity Col- 
lege to fuch keys and modulations* as were beft fuited to the fyftem by which the organ 
was tuned ; and that organ, as well as the inftruments which were made for Dr. Smithy 
has long been tuned according to the more common method. 

I fpoke of Dr. Smith's fyftem with flattened major thirds as of no value, not with regard 
to its intrinfic merits, but becaufe it was not int(;nded for any inftrument in common. ufe; 
fince in thefe inftruments the difficulty is not fo much how to divide the imperfe£^bn 
among the thirds and fifths of the fame fcale, as to proportion properly the imperfe£t ions' 
of the thirds of different keys. Yet I do not mean it to be underftood, that I can agree to 
the (blidity of thofe foundations on which Dr. Smith has built his fyftenv for a fingle fcale : . 
although to Stanley and to Doria it might be{)leafing, becaufe its. impevfedions are far too 
fmall to offend the car. Profeflbr Robifon juftly obferves, that different:. perfons differ ex- 
ceedingly in their eftimation of the effect; oP the (ame temperament on. difiierent concords,, 
and that much of this arifes from their different difpofitions : it appears: theeefdre that Hr. 

Smith 
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Smith was too precipitate in laying down his principle for -ibe comparifon of the effc^ls 
of temperament. 

With rcfpeft to the fyftem which I have propofed, Profcflbr Robifon thinks that 
the temperaments of feveral of the thirds which occur frequently are much too great. If 
we wi(h to form a judgment of any fyftem of temperament, it muft be by comparifon with* 
fome other. It does not appear with what fyftem Profcflbr Robifon would wi(h the com- 
parifon to be roade» but he rather feems to incline to the equal temperament^ although he 
gives direftions for tuning by another. At any rate, no temperament of an interval can be 
faid to be much too great, unlefs it be greater than that of the fiirhe interval in the fyftem 
of equal temperament ; for if any interval be made more perfe A than this, fome other 
fimilar interval muft-be as mudh lefs perfc£(. In my fyftem, the only thirds perc4?ptibly 
greater than thofe of the equal temperament, are the major thirds on E, A e s, B, Gis, and 
Fis, and the minor on C, Cis, F, G i s, BeS) and Ees. Of thefe none can be faid to 
occur frequently, except the major third on E, and the minor on C. The fixths require 
no feparate confideration. Now fmce the minor chord is intended to be lefs completely, 
harmonious than the major, its charader will be by no means materially impaired by this 
imperfeftion, which it would be fomewhat difficult to remove. The third on £ is not 
Iharp enough to be very ofiendve,* but in compliance with the ufual pra£tice of making this 
third fomewhat more perfe£l than the interval of A e s and C, I have, in the method recom- 
mended forcommoti i^fe, made it a better third than that of the equal temperament. The* 
directions given for tuning in $ 68, and in $ 80, of the article, are liable to far greater ob- 
jeftions. For inftance, the temperament of the Illds on Ae sand Fis, in the latter, is 
about .<co68o, or more than a comma and a half ; which Profeflbr Robifon will readily 
allow to be *^ much too great" for any thirds ; fince he has aflerted, with t)r. Smith and 
others, that the error of a comma would be intolerable. Mr. Maxwell has, however, very, 
decidedly proved, in his E£ay on Tune, that the greateft harmonifts, Corelli, Tartini, and 
Giardini, have admitted very frequently the error of a comma in their moft refined compo- 
Ikions. And I have the authority of feveral celebrated performers on ftringed and wind 
inftruments for afTerting, that they take of choice the charaderiftic femi-tone, leading into- 
the key note, confiderably (harper than the fame note is tuned on any keyed inftruments» 
making an imperfedtion of nearly two commas in the relation as third of the dominantf 
which is the fundamental note of the chord : while in the mean time our theorifts have 
1>een labouring, by the moft complicated contrivances, to introduce notes into keyed inftru- 
ments, which (hall have exactly a contrary efied, by making the afcending femi*tone as wide' 
a ftep as po(fible. On a(king very lately the opinion of a praAical mufician of great emi- 
nence, and one who in every refpedi does honour to his profe(rion, he decidedly agreed in 
the fuperiority of fuch a dimini(hed femi-tone, and obferved that the key of £ derived a 
very elegant chara£ker from the ufual method of tuning D i s as £ e s, a minor third to C : 
hence, the Illds Ees and G being very little tempered} the Illd on the dominant B muft 
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be about a comma and a half too (harp. The fa£l is^ that in this cafe the harmony is 
fomewhat impaired in order to improve the melody. The interval of 15 to 1 6 is far too 
fmall to be di(lin£ily conceived as commenfurate, it poflefTes therefore no melody in virtue 
of the perfeflion of its ratio, and a certain elegance of expreQion is^ added by approaching 
to the natural and colloquial afcent of a voice by imperceptible degrees. It muft, however, 
be confefled, that fome excellent muficians prefer a purer harmony, and in thisy as in all 
other matters of tafte, cpnfiderable latitude muft be allowed for the habits and predile£tiont 
of individuals. 

I am, SIR| 

With great refpeft, 
Your obedient humble fervant, 

THOMAS YOUNG. 
JV<7. 48, »7/A^fi.S/w/„ July i2f 1801. 

ERRATA IN THE PAPER ON SOUND AND LIGHT. 

In Table XII, y^r E^ 83810 r^a</ E^ 84197 ; /ir .0011562 r^^rf .0010116. InFig. 53 
the E ^ ( Q^) is too near !>, and the E^ (Y J fhould be above inftead of below it^ 
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On certain Points of Nomenclature, By a Correfpondentm 

To Mr. NICHOLSON. 
SIR, 

London, July 15, 1801. 

X HE gas at this tune^ whofe eil^As on breathing it are an obje£l of great curlofity 
among chemifts and amateurs, denominated by its difcoverer Dn Prieftley, dephlogjfti* 
caied nitrous gasj and fubfequently by the Dutch philofophers who inveftigated many of its- 
properties, called oxide of azote gasy or gafeous oxide of azote, is now univerfally fpoken' 
of by the name gafeous oxide. The very ingenious and.promifing philofopher,. and expert 
experimenter, whom the managers of the Royal Inftitution have engaged, has dereAed the 
miftake of Deiman, Trooftwyk) Sac* who found out that it was capable of fupporting in^ 
Jlammation, but erroneoufly concluded, that it could not potk{$ . rejpiration, Mr. Davy., 
thereupon very jufUy enjoys the honor of the difcovery of this, and other new properties of 
this oiide j but my objeA now is only to obferve, that the term gafeous oxide carries no ufe- 
£ul and difcriminating import, but what is worfc than no import at all, it is very liable to 
gvoducc miftake and confuGon ,, as was the cafe with the icims/xedair^ aerial acid^ &c. 
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formerlf ttfed* It appears from the analyfis (rf Deiman and Davy, that the oxide under, 
obferration confifts of above 0^37 of oxigen, and 0,63 of azote or nitrogen. Secondly^ 
Thifi.mtrout gaSf or .nitrbus oxide confifts of about 0,68 of oxigen* and 0,32 of ajsote. 
Accordingly Deiman diftingui(hes thefe two oxides by the names» oxide of axote^ or of /u- 
trogen^ apd nitres ojtide^ vrhich terms are little elfe bat an inverfion mutually of their ordery 
and befide^ 'have no fpecific import* Is it worth while to propofe the appellations,y!^*9JCM/« 
^ of nitrogen^ or azote^ znd oxide of nitrogen^ or azoiey, in place of the names in uie? This 
method is analogous to the mode of the new nomenclature in its lateft improvements, as 
in the inftances fub-muriate, and muriate of mercur/i fub-carbonate, and carbonate of 
alkali, fub-phofphate, and phofphate of lime, &c. 

1 am, 

TOUR FRIEND. 
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On tie life of Steam as a Vehicle for conveying Heat from one Place to another. 

By Count Rumford. 

(Continued from page 160.) 
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N order that glear and diftin^ ideas may be formed of the various parts of this appara* 
tus, — even without figures,* — I fliall diftinguifli each part by a fpecific name : the veflcl in 
which water is boiled in order to generate fteam-^and which, in its con(lru£lion, may be 
made to refemble the boiler of a fteam engine— I (hall call tht Jleam hoi/er :-^Thc vertical 
tube, which, riling up from the top of the boiler, conveys the fteam into the tubes (nearly 
horizontal), which are fufpended from the cieling of the room, I ihall call the prime con* 
duSior : to the horizontal tubes I (hall give the name of borizontai coftduBor^^ or fimply, 
f:ondti5ii>rs of fteam : and to the (fmallcr) tubes, which, defccftding pcrpchdicularty from 
thefe horizontal conduSIors^ convey the fteam to the liquids which are to be heated, I fhaU, 
exclufively, appropriate the appellation oi fleam tubes. 

The vefTels in which the liquids are put that are to be heated I (hall call the containing 
veJ/Hs.'-^Thek vefTels may be made of any form; and, in many cafes, they may, wkhout 
any inconvenience, be conftruAed of wood, or of other cheap materials, inftead of being 
made of coftly metals, by which means a very heavy expence may be avoided. 

Ezch feam tube muft defcend perpendicularly from the horizontal conduElor with which 
it is conne£led, to the level of the bottom of the containing vejfel to which it belongs; and, 
moreover, muft be furnithed with a good brafs cock, pcrfe£lly fteam- tight; which may 
beft be placed at the height of about fix feet above the level of the floor of the room. 

This 
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Thisjleam lube may either defcend wtbin the veffel to which it belongs, or on the outjlde 
ffit^ as (hall be found moft convenient. If it comes down on the outfide of the veffel^ it 
muft enter it at its bottom, by a (hort horixontal bend ; and its jun£lton with the bottom 
of the.vefiel muft be well fecured, to prevent leakage. If it comes down into the vefTelj 
on the infide of it, it muft defcend to the bottom of ity or at leaft to within a very few 
inches of the bottom of it ; otberwifc the liquid in the veflel will not be uniformly and 
equally heated. 

When the fteam tube is brought down on the infide of the containing veflel, it may 
either come down perpendicularly, and without touching the fides of ir, or it may come 
down on one fide of the veflel, and in contact with it. 

When feveral fteam tubes, belonging to diflferent containing vefifeis, are conne^cd with 
bne and the fame horizontal fteam condu£tor, the upper end of each of thefe tubes, inftead 
of being fimply attached by foldering to the under fide of the condu£lor, muft enter, at 
leaft one inch, within the cavity of it \ otherwife the water refulting from a condenfation 
of a part of the fteam in the conductor, by the cold air which furrounds it, inftead of 
finding its way back into the fteam boiler, will defcend through the fteam tubes and mix 
•with the liquids in the veflels below ; but when the open ends of thefe tubes proje£l up- 
wards within the fteam condudior, though it be but to a fmall height above the level of its 
under fide, it is evident that this accident cannot happen. 

It is not neceflary to obferve here, that, in order that the ends of the fteam tubes may 
projeft within the horizontal cenduitcrf the diameters of the former muft be confiderably 
lefs than the diameter of the latter. 

To prevent the lofs of heat arifing from the cooling of the diflerent tubes through which 
the fteam muft pafs in coming from the boiler, all thofe tubes flicmld be well defended from 
the cold air of the atmofphere, by means of warm covering ; but this may eafily be dpne^ 
and at avvery trifling expence. The horizontal condu£tors may be enclofed within fquare 
wooden tubes,' and furrounded on every fide by charcoal dttft,<7-fine (awduft,-— or even by 
wool I and the fteam tubes, and prime conduAor, may be furrounded firft by three or four 
coatings of ftrong paper, firmly attached to them by pafte or glue, and covered with a 
coating of varnifli, and then by a covering of thick coarfe cfeth. It Will likewlfe be ad- 
vifable to cover the horizontal conduQois with feveral coatings of paper, for if the paper 
be put on to them while it Is wet with the paftie or glue ; and if care be taken to put it on 
in long flips or bands, wound regularly round the tube in a fpiral line^ from one end of it 
to the other, this covering will be ufeful, not only by confining more efie&oaUy the heat, 
but alfo by adding very much to the ftrength of the tube, and fcndering it anneeefiary to 
employ thick and ftrong flieets of metal in the conftrudion of it 

However extraordinary and incredible it may appear, I can aflert it as a fad, which I 
have proved by repeated experiments, that if a hollow tube, conftrufted of flieet copper 
^V of an inch in thicknefs, be covered by a coating of only twice as thick, or t^ of an inch 
inthicknefs, formed of layers of ftrong paper^ firmly attached to it by good glue, the 

Vol. Vt— August x8oi. Z ftrength 



1 70 , On the Ufe of Steam as a Vehicle for eonvepng HeaU 

ftrength of the tube will be more than doubled by this covering. I found by experlmentSf 
the mod unexceptionable and decifive, of which I intend at fome future period to give to 
the public a full and detailed account^ that the ftrength of paper is fuch> when feveral 
iheets of it are firmly attached together with glue^ that a folid cylinder of this fubftanccy 
the tranfverfe fedHon of which (hould amount to only one fuperficial inch, would fuftain a 
weight of 30^000 lbs. avoirdupois, or above 13 tons, fufpended to it, without being pulled 
afunder or broken. The ftrength of hemp is ftill much greater, when it is pulled equally, 
in the direAion of the length of its fibres. I found, from the refults of my experiments 
with this fubftance, that a cylinder of the fize above mentioned, compofed of the ftraight 
fibres of hemp, glued together, would fuftain 92000 lbs. without being pulled , afunder. 

A cylinder, of equal dimenfions, compofed of the ftrongeft iron I could ever meet with, 
would not fuftain more than 66000 lbs. weight ; and the iron muft be very good not to be 
pulled afunder with a weight equal to 55000 lbs. avoirdupois. 

I fliall not, in this place, enlarge on the many advantages that may be derived from a 
knowledge of thefe curious fadls. I have mentioned them now in order that they may be 
known to the public ; and that ingenious men, who have leifure for thefe refearches, may 
be induced to turn their attention to a fubje£i, not only very interefting, on many accounts, 
but which promifes to lead to moft important improvements in mechanics.. 

I cannot return from this digreffion without juft mentioning one or two refults of my 
experimental inveftigations relative to the force of cohefion, or ftrength of bodies, whicby. 
certainly, are well calculated to excite the curiofity of men of fcience. 

The ftrength of bodies of diflFcrent fizes, ftmilar inform^ and compofed of iht fame fub^ 
Jlancej or the forces by which they refift being pulled afunder by weights fufpended to 
them, and adiing in the direction' of their lengths, — are not in the ftmple ratia qfthe areas of 
their tranfverfe feSIions^, or of thtir /ra^ures ; but in a higher ratio i and this ratio is difp 
ferent in different fubftahces. 

The form of a body-has ;i confiderable influence on its ftrength> even when it is pulled ia 
the dire ff ion of its length. 

All bodies, even the moft brittle, appear to be torn afunder^ or their particles feparated, 
or fibres broken, one after the other i^ and hence it is evident, that that form muft be moft 
favourable to the ftrength of any given body, pulled in the dire^ion of its length, which 
enables the greateft number of its particles, or longitudinal fibres, to be feparated to the 
greateft poffibie diftance— ihort of that at which the force of cohefion is overcome,— -before 
any of the^ have been forced beyond that limit. 

It is more than probable th^t the apparent ftrength of difierent fubftancea depends much 
more on the number of their particles* that come. into action before any of them are forced 
beyond the limit of the attra£lioh of cohefion, than on any fpecific difference in the inten- 
fity of that force in thofe fubftajacet; 

But to return to the fubjeA more immediately under confideration.— -As it is effential 

that the fteam employed in heatiiig' liquids, in the manner before defcribed, (hould enter 
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tfic containing vcffcl af, or very near, its bottom, it is evident that this ftcam muft be fuf- 
ficiently (Irong, or claftic, to overcome, not only the preflure of the atmofpherey but alfo 
,the additional preflure of the fuperincumbent liquid in the veflel } the (learn boiler muft, 
therefore, be made ftrong enough to confine the fteam, when its elafticity is fo much in- 
creiifed by means of additional heat, as to enable it to overcome that refiftance. This in- 
creafe of the elaftic force of the (learn need not, however, in any cafe, exceed a preflure of 
five or (ix pounds upon a fquare inch of the boiler, or one third piart, or one half of an 
atmofphere. 

It is not heceflary for me to obfervehere, that in this, and alfo in all other cafes, where 
fteam is ufed as a vehicle for conveying heat from one place to another, it is indifpenfably 
aeceflary to provide fafety valves of two kinds ;— the one for letting a part of the (learn 
efcape, when, on the fire being fuddenly increafed, the fteam becomes fo ftrong as to 
expofe the boiler to the danger of being burft by it; — the other for admitting air into the 
boiler, when, in confequence of the diminution of the heat, the fteam in the boiler is con- 
denfed, and a vacuum is formed in it ; and when, without this valve, there would be dan- 
ger, either of having the fides of the boiler cru(hcd, and forced inwards by the prefTure of 
the atmofphere from without \ or of having the liquid in the containing ve(rels forced up- 
wards into the horizontal fteam condu£lors, and from thence into the fteam boiler. This 
laft mentioned accident, however, cannot happen, unlefs the cocks in fome of the fteam 
tubes happen to be open. — ^The two valves effeftually prevent all accidents. 

The reader will, no doubt, be more difpofed to pay attention to wjiat has here been ad- 
vanced, on this interefting fubjefl, when he is informed that the propoied fcheme has 
already been executed on a very large fcale, and with complete fuccefs \ and that the above 
details are little more than exa£l defcriptions of what adlually exifts* 

A great mercantile and manufafluring houfe at Leeds, that of MefTrs. Gott, and Co. had 
the courage, notwithftanding the mortifying predidion of all their neighbours, and the 
ridicule with which the fcheme was attempted to be treated, to ere£l a dyeing houfe^ on a 
very large fcale indect^, on the principles here defcribed and recommended. 

On my vifit to Leeds the laft fummery I waited on Mr. Gott, who was then mayor of 
the ti)wn, and who received me with great politenefs, and (hewed me the cloth halls, and 
other curioGties of the place ; but nothing he fliewed me interefted me half fo much as his 
own truly noble manufa£lory of fuperfine woollen cloths. I had feen few manufadories 
fo extenfive, and none fo complete in all its parts. It was burnt to the ground the year 
before I faw it, and had juft been rebuilt, on a larger fcale \ and with great improvements 
ih almoft every one of its details. The reader may eafily conceive that I felt no fmall de- 
gree of fatisfadlion on going into the dyeing houfC) to find it fitted up on principles which 
I had bad fome (hare in bringing into repute, and which Mr. Gett told me he had adopted 
in confequence of the information he had acquired in th^ perufal of mjfeventh eflay. .He 
aflTured me that the experiment had anf«vered,' even far beyond his moft fangiline expe£la- 
tions; and> 99 a ftrong proof of the utiUty of the'^ao, be told' ide^ that his next- door 
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neighbour, who is a dyer by profcflian, and who, at firft, was ftrongly prejudiced ag;iinll 
thefc innovations, has lately adopted (hem, and is now convincec) that they are real im* 
provcmcnts. Mr. Gott aflured me that he had no doubt but tliat they would be adopced 
by every dyer in Great Britain in the courfe of a very few years. 

The dyeing houfe of MelTrs. Goit and Co. which is ficuated on the ground floor of tlie 
principal building of ihe manufactory, is very fpacious, and contains a great number of 
coppers of dil}i;r<:iit fizesi and as [hefe veflels, fome of which are very lai^e* are dillrl- 
buied about promifcuoufly, and apparently without any order in their arrangement, in two 
fpacious rooms, each copper appearing to be infulated, and to have no connexion whatever 
with the others, all of them together form a very fmgular appearance. The rooms arc 
paved wiih Hat (tones, and the brims of all the coppers, great and fmall, are placed at ilie 
fame height, about three feet, above the pavement : fome of thcfe coppers contain upwards 
of 1 800 gallons ; and they aie all heated by fleam from one lle^im boiler> whiclj is fiitixted 
in a cortier of one of the rooms, 

The horizontnl tubes which ferve to conduA the fleam from the boiler to the coppers 
arc fufpended jull below tlie cielings of the rooms: tlicy are made, fome of lead, and footB 
of call iron ; and are from four to five inches in diameter ; but when I faw tticm, they 
were naked, or without any covering to confine the heat. On ray obferving to Mr. Gotl 
that coverings for them would be ufeful, he told me that it was intended that tbey Qtoutd 
be covered, and that coverings would be provided for them. 

The vertical _/?c<iw tubes, by which the (learn pafles down from the horizontal>9»mm(- 
iu^ors into the coppers, are allcoiiflru^ed of lead, and are from | of an inch to x| inches 
in diameter; being made larger or fmaller accoiiling to the fizes of the coppers lo which 
they belong. Thcfe fteam tubes all pafs down on the otitjiia of their coppers j and enter 
them horizontally at the level of their bottoms. Each copper is furniftied with a brafs cocJc, 
for letting off its contents ; and it is filled with water from a cidern at a diClancct which il 
brouglit to it by a leaden pipe. The coppers are all furroundcd by ihin circular brick 
wailsi which ferve not only to fupport the coppers, hut alfo 10 confine the heat. 

The rapidity with which thefe coppers may be heated, by means of fleam, is truly aflo. 
nilhing. Mr. Gott afTured me that one of the largell of them, containing upwards of tSoo 
gallons, when filled with cold water from the ciflern, recjuircs no more than half an hour 
to heat it till it a^ually boils ! — By the greated fire that could be made under fuch acopper, 
with coals, it would hardly be poflible to make it boil in Icfs than hour. 

It is eafy to perceive that thej'^ivin^ of lime which will refult from the adoption of this 
new mode of applying heat will be very great ;— and it is likewife evident that ic may be 
iucreafed, almoll without limitation, tneiely by augmenting the diameter of the fleam lube: 
Care muft, however, be taken that the boiler be foflicicnily large to furnifli the quantities 
of (team required. The /.i-uhig if/ael w'tiliAfo be very confiderable : Mr. Gott informed 
me that, (cam the bcfl calculation he had been able 10 make, it would amount to ttcar two 
ihirdt of tlK quantity foimeily expendcdy when each copper was heated by a fepiratc fire. 

But 
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But tAefe favings are far from boing the only advantages that will be derived from the 
introdiiftion of thcfe improvements in the management of heat: there is one, of great im* 
portanctt indeed, not y^t mentioned, which alone would be fufficient to recommend the 
very genera) adoption of them. A» the heat communicated by (learn can never exceed the 
mexa temperature of boiling water by more than a very few degrees, the fubftances ex* 
poferf to it can never be injured by it. In many arts and manufaflures this circumftance 
will be produ£live of great advantages, but in none will its utility be more apparent than 
in cookery; and efpecially in public kitchens, where great quantities of food are prepared 
in large boifers ; for, when the heat is conveyed in this manner, all the labour now em* 
ployed in ftirring about the contents of thofe boilers, to prevent the viduals from bein& 
fpotled by burning^ to the bottoms of theroi will be unneceifary ; and the lofs of heat oq^]- 
fioned by this ftining, prevented \ and, Inftcad of expenfive coppers* or metallic boilers, 
which are difficult t^'be kept clean, and often (land ia need of repairs, common wooden 
tubs majj with great advantage, be ufed as culinary ve(rc]s ; and their contents may be 
heated by partoUtfire-placeSf by means of (team boilers attached to them. 

As thefe portable fireplaces and their (leam boilers may, without the fmalleft inconve- 
nience, benuide of fuch weight, form, and dimenfionst, as to be ea(ily tranfported from 
one place to another by two men* and be carried through a door- way of the common widths 
with this machinery, and the (leam tubes belonging to it, and a few wooden tubs, a com- 
plete public kitchen, for fupplying the poor and others, with foups *, and alfo with pud- 
dingSy vegetables^ meat, and all other kinds of food prepared by boilings might be eda- 
blifhed in half an hour, in anyrooip) in which there is a chimney (by which the fmokc 
from the portable fire*place can be carried off) \ and, when the room (hould be no longer 
wanted as a kitchen, it might, in a few minutes^ be cleared of all this culinary apparatus^ 
and made ready to be ufed for any other purpofe. 

This method of conveying heat is peculiarly well adapted for heating baths : it is like- 
wife highly probable that it would be found ufeful in the bleaching buGnefs, and in wa(h-* 
ing linen. It would alfo be very ufeful in all cafes where it is required to keep any liquid 
at about the boiling point for a long time without making it boil \ for the quantity of heat 
admitted may be very nicely regulated by means of the brafs cock belonging to the (leam • 
tube. Mr. Gott (hewed me a boiler in which (hreds of (kins were digefting in order to 
make glue, which was heated in this manner; and in which the heat was fo regulated, thaty > 
although the liquid never aAually boiled^ it always appeared to be upon- the very point of 
beginning to boil. 

This temperature had been found to be beft calculated for making good glue. Had anyv 
other lower temperature been found to anfwer better, it might have .been kf.pt up with the 
fame cafe, and with equal precifion, by regulating properly- the. quantky of (leam admitted* 

I need not fay .bow much this country is obliged to Mr. Goct, andfais worthy eotteagues* • 
To the fpiriied exertions of fuch men> who abound in no other country, we gwe one of 
the proudeft.dtftin£lioDs.of our naii(Mud'chara£ier}>that of b^g an eoligbteo^ and .aa 
entecprifing peopjk. 

IV. On 
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On ike Identity t/Galvamfm and Eltifrtcitj. By a Cwrefpondent. 

Edlnhurgh, JuneiQ, l8oi. 
To Mr. NICHOLSON. 



SIR, 



i HOPE you will not coiifidcr mc as one ftruggllng againft the conviflion of truth, when 
nWForm you, that I have repeated Mr- Cruickfhank's cipcrimcnt, of charging a vial wiih 
Galvarifm fuccefsfully; but am inclined to draw a very different conclufion from his, in 
confequence of the phenomenon that prcfents iifelf, both during the performance of that 
experiment, and when it is enlarged and extended on the fame principlc- 

The mode that I firll ufed, was that of filling a common vinl with fait water, which Was 
plunged in another Feffel alfo filled with fait water; though no great nicety was ufcd, yet 
fome attention was paid to the fuifaces of the two liquors being nearly upon a level, and by 
that means it very well rcprefented an ele£lrical vial, coated to the fame height within and 
without ; then the infidc was connefled with one end of the pile, and (he ouifide with the 
other. After different intervals of time, fome longer, and fome (horter, ihe tongefl of 
which extended to feveral hours, the via! was lifted out in one hand iniirely from the vcflel 
in which it (lood, and the tongue applied to the wire connefled with the Jnfidc ; the con- 
ftant refult was, that whether it flood for a longer, or (horter period, a flight Ihock, or 
rather tafte, was felt on the tongue. Expefling to increafe this trifling fcnfaiion, by muU 
tiplying the number of the vials, I made a range of a dozen communicating all the iniides, 
and all the outfides together by wire j after trying this mode by every means my imagina- 
tion could fugged, I could perceive no incieafe of power whatever, but only the flight 
fenfation, perceptible by means of one vial only. 

The conclufion I am inclined to draw from the above faifls is, that Galvanifni cannot 
be accumulated by the fame procefs with clcflricity, but that merely a fmall proportion of 
it can be communicated to fluids, and that confequently a marked diilinfllon fubfi (Is be- 
tween them, the Galvanic charge probably not being a fiftieth part of the power refiding in 
the pile; whereas the elcftrical charge is oftener many hundred times beyond the power 
of the machine that imparts it -, and that the former can be increafcd only, by increafing 
the original power. 

I hare alfo repeated my former experiments of charging an elc£lrical vial through the 
infulatcd pile ; and to determine the matter with the greateft accuracy, I made ufc of 
Lane's cleftrometer j when its knobs were fet at a given di(l;incCi by means of the gra- 
duated wire, the difcharge conftantly took place at the fame number of revolutions of the 
machiDe> which-evcr wire was cooncded with the jar, provided the machine was in 

equally 
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; equally good orders dnd the weather equally favourable \ but whenever an increafe or di- 
minution was obferved upon trying one wire, a fimilar change was perceivedi upon change 
ing it for the other. 

I have alfo found, that plants cannot be altogether faid to be non-condu£iors of Galva- 
nifm ; by connefling one end of the pile with the flem of a plant, and taking the other wire 
in the hand. When the tongue was applied to any of the leaves, even at a confiderable 
diftance from the (lem, a (light tafte was perceived ; but though I allowed the fame plant 
to remain for above twelve hours with the two ends of the pile connected with different 
parts of it, it fuftained no injury whatever. It is to be obferved, that the pile was (Irong 
enough to give a very fevere fhock through feveral human bodies. 

I think the refult of the above mud lead us to conclude, that though a fmall quantity of 
. ele£lricity may attend the phenomena of Galvanifm, (and there is fcarcely an operation in 
nature wherein a fmall quantity is not produced, and as you yourfelf have obferved, that 
the very motions of the human body, and the drapery that covers it, will produce fome :) 
yet that the principal phenomena of Galvanifm, viz. the (hock, the fpark, and the 
fnap, are not eleArical, and we muft here ufe the fame mode of reafoning, that we 
would in chemiftry, that when one of the leading properties of any body was abfent, that 
it muft have loft it, either by combination with another, or by decompofition ; but as you 
are inclined to attribute the want of the eiFe£^ of attracting light bodies to the want of velo* 
city in Galvanifm. I beg to be informed, whether Mr. Cruickfhank's very powerful machine 
afie£ls the ele£trometer equally with an electrical vial of the fame ftrength, for I am at a 
lofs what to call velocity, if the ellifion of light from the air2^.pToducing a found to be 
heard in another room, and rufliing to a condu£tor at a di^Ance, be not inftances of velo- 
city equal to any obferved in ele£lricity. 

With the greateft refpeft, and thanks both to you and Mr. CruickOianks, for the rea- 
dinefs with which you attended to my laft, and the full explanation you took the trouble 
to honour me with,. 

r am, SIR, 

A FRIEND TO THE EXPERIMENTAL RESEARCH OF TRUTlJ. 
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An Account of a new Eudiometer- By Mr. Da VT* From the Journal of the Royal 

InJlxttUion. 






X HE dependance of the health and exiftence of animals upon a peculiar ftate of the at* 
mofphere, and the relations of this ftate to procefles con nedled with the moft efTential 
%antsof life, have given inrereft and importance to inquiries concerning the compofitidb 
and properties of atmofpheric air. * ^ 

This 
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This elaftic fluid b» been long known to conrid chiefly of oxigcn %Tii nitrogMi mingled 
together, or in 3 ftatc of loofc combination, and holding in folucion water. 

A variety of procefle* have teen indituted with the view of dcirrmining the relative 
proportions of the two gafcs, but moft of them have involved fources of inaccuracy { and 
lately all, except two (the flow combudion of phofphorusj and the aAion of liquid ful- 
phurcts), have been generally abandoned. 

Both phofphonis and folution of fulphuret of pot-afh abforb the whole of the oxigen of 
altnofphcric air at common temperatures, and they do not materially alter the volume, or the 
-properties of the lelidual nitrogen; but their operation is extremely flow j and in manf 
cafes it is dilHcult to afcettain the period at which the experiment ts completed. 

I have lately employed as an eudiometrical fubftancc the folution of green muriate, or 
fulphate, of iron, impregnated with nitrous gas ; and I have found that it is in fome re- 
fpefls fuperior to many of the bodies heretofore ufed, as it rapidly condenfes oxigen whh- 
out ailing upon nitrogen ; and requires for its application only a very fimple and a Tcry 
portable apparatus. 

This fluid is made by tranfmitiing nitrous gas through green muriate, or fulphatC) 
iron, diSblvcd to faturalion in water *. As the gas is abforbed, the folution becomes 
deep olive brown, and when the impregnation is completed it appears opaque and almolt 
black. The proccfs is apparently owing to a fimple eleflive attra£tion; in no cafe is the 
gas decompofcd ; and under the eshaulled receiver it aflumes. its elaflic form, leaving the 
•fluid with which it was combined tinaltered in its properties. 

The indruments nccellatjrfor afccrlaining the compofiiion of the atmofphere, bymtfant 
of impregnated folutions, coihift fimply of a fmall graduated tube, having its capacity 
divided into one hundred parts, and greateft at the open end ; and of a veflel for coniairung 
the fluid. 

The lube, after being filled with the air to be examined, is introduced into the foluttoni 
and, that the aQion may be more rapid, gently moved from a perpendicular towards a 
horizontal poGtion. Under thefc circumftances the air is rapidly diminiflied ; and, in con- 
fequence of the dark colour of the fluid, it is eafy to difcover the quantity of abfoiption. In 
% few minutes the experiment is completed, and the whole of the oxigen condenfcd by the 
nitrous gas in the folution in the form of nitrous acid. 

In all eudiometrical procelTcs with impregnated folutions, the period at which the dini> 
rmtion is at a ftand muil be accurately obfcrved j for, Oionly after this period, the volume 
of the rcfidual gas begins 10 be a little increafed, and, after fome hours, it will often fill a 
fpace greater by feveral of the hundred paits on the Icalc of tlie tube, than that which il 
occupied at the maximum of abforption. 

This circumilance depends upon the flow decompofllion of the nitrous acid (formed 
during the experiment), by the green oxide of iron, and the eonfequent produflion of a 

• Dr. Pncniey firft obfcrved this procefi ; 
Pbikf^i'liical, page 152. JohnTun. 
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finall quantity of aeriform fluid (chiefly nitrous gas) * ; which,' having no afiinity for the 
. ted muriate, or fulphate, of iron produced, is gradually evolved, and mingled with the 
refidual nitrogen. 

llie impregnated folution with green nluriate is more rapid in its operation than the fo* 
lution with green fulphate. In cafes when thefe falts cannot be obtained in a ftate of ab- 
folnte purity, the common or mixed fulphate of iron may be employed. One cubic inch of 
moderately ftrong impregnated folution is capable of abforbing five or fix cubic inches of 
oxigen, in common procefles ; but the fame quantity muft never be employed for more 
than one experiment. 

A number of comparative experiments, made on the conftitution of the atmofphere at 
tfieHotwells, Briftol, in July, Auguft, and September, 1800, with phofphorus, fulphu* 
fets of alkalies, an4 impregnated folution, demonftrated the accuracy of the procefles in 
which the laft fubftance was properly employed. The diminutions given by the fulphurets 
were indeed always greater by a minute quantity than thofe produced by phofphorus and 
impregnated folutions : but the reafon of this will be obvious to thofe who have ftudied the 
fubjcA of Eudiometry. In no inftance was it found that 100 parts in volume of air con- 
tained more th^n 21 of oxigen: and the variations connected with diflerent winds, and 
different dates of temperature, moifhire, &c. were, too fmall^ and too often related to 
accidental circumftances, to be accurately noticed. 

In analyfing the atmofphere in different places, by iheans of impregnated (blutions, I 
h&ve never been able to afcertain any. notable difference in the proportions of its conftituenC 
parts. Air, colle£led on the fea at the mouth of the Severn, on 0£toberthe 3d, 1800^ > 
wliich muft have pafled over much of the Atlantic, as the wind was blowing ftrong from 
the weft, was found to contain 1 1 per cent, of oxigen in volume ; and this was nearly the 
proportion in air fent from the coaft of Guinea, to Dr. Beddoes, by two forgeons of 
Liverpool. 

If we compare thcfe refults, with the refults gained more than twenty years ago, by Mr* 
Cavendifh, from experiments on the compofition of atmofpherical air, made at London 
and Kenfington ; confidering, at the fame time, the refearches of Berthollet in Egypt atid 
at Paris, and thofe of Marti in Spain, we (hall find ftrong reafons for concluding, that the 
atmofphere, in all places expofed to the influence of the winds, contains very nearly the 
fame proportions of oxigen and nitrogen , a circumftance of great importance ; for, by 
teaching us that the diflFerent degrees of falubnty of air do not depend upon differences ia 
, the quantities of its principal conftituent parts, it ought to induce us to inftitute refearqhes 
concerning the different fubftances capable of being difTolved or fufpended in air, which are 
noxious to the human conftitution : particularly as an accurate knowledge of their nature 
and properties would probably enable us, in a great meafure, to guard againft, or deftroj^ 
their baneful effe£ls. 

^ The deeompofition of nitrous acid,, by folutiont containing oxide of iron, at its minimum of oxidation, 
is a very complex procefs. The green oxide, during its converfion into red oxide, not only decompofes the 
acid, but likewife a6ls upon the water of the folution } and ammoniac is fometimcs formed, and (mall por* 
■ tions of nitrous oxide and nitrogen evolved with the nitrous g^s. 

Vol. V* — August i8oi« A a VL 0« 
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On 1^ Di/nlotiratiai e/Silxtriy Bird's Eggs, i^e. h a Letler from AsTBOUr CamIISLM^ 



Xq Mil. NICHOLSON. 



SIR,. 



X HAVE, been lately occupied in tracing thr natural hlftory of bird's eg^s, for a psper 
which has been in part laid before the Linnxan Society. Among other needful inquiries- 
I had occaGon to make fome expcnments on the properties of the Albumen, Vitellut, and. 
Gas contained in ihe foliUutut derii of eggs, which belong more properly to chemical hif- 
tory. As fome of the rcfulls fccin new^ I beg leave to offer them for infeidon in your 
Journal . 

The well known fa£l of Giver being difcokuTed by. eggs, induced me to try which of tile 
fubdances compoling a fowl's egg is (he caufe of this appearance. I put the albumen, oc 
white part of a new laid hen's. egg, into a clean polillied filver fpoon, and the intirc vitellns^, 
or yolk, freed from its membrane, and all adhering albumen into another Cmilar fpoon. 
They were each expofed to a heat above that of boiling water, coagulated and reduced^ 
nearly to drynefs, then left to cool, and twelve hours afterwards the filver remained untar- 
nifhed in both. 

A filver (pcculum placed in water, vas adapted to receive the air contained in the follicH- 
lus aeris, which remained expofed to this gas for two days, without any difcolouialion. 

I mixed the albumen and vitellus together in a fpoon, and expofed iliem^ to heat without 
dlfcotouring the (liver. The intire albumen of a new laid egg was put into ten ounces (by- 
meafurc] of boiling diflilled water in a glazed pipkin, and kept till it was coajtulated • 
firmly : a cleaa. Giver fpoon had been immerfed with the albumen, to which' it adhered ia 
fevcral places ; after fitting the veGel in a cool place foi an hour, tlic Glrcr immctfed had 
acquiicd a deep blue acid brown colour, with various prifmatic (hades. 

An intire viiellus, freed from all other fuUlances, was put into boiling water, together 
with a filver fpoon as in the laCt defcribed experimen^t, but the Giver did not receive any 
tarniO). 

Ten ounces by meafurc of the water in which the albumen- of one egg had been boiled 
was filtered, and put into a glafs velTel with a filver fpooti ; after remaining there for two 
hours it had received a deep copper colour. 

The fame quantity of water iu wliich the vitellus of one egg had been boiled, was put 
into a glafs with a filver fpoon, and remained Gx hours without producing any change of 
ojgur. The water ia the two iaft experiments was at 60° o{ Fahtcohcii. 

' Tt« 
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The matter which produced the difcolouration of the filver proved to be fulpharated 
bidrogeiiy and it is worthy of remark^ that this compound is not formed by the albumea 
of eggs without the addition of water % the water contained in the albumen itfelf feeming 
to be inft^fficient to give the hidrogen required, or its combination with this fubftance 
not admitting of decompofition *• 

' The (mell of fulphurated hidrogen appears much ftronger in the water where albumen 
bas been boiled, if it have had filver immerfed in it: perhaps the fiiver gives the 
fredifpofing affinities. That fo large a quantity of fulphur fhould be contained in the 
rudimental materials of a bird, is a curious izOt : but as fulphur is a fubftance dill imper- 
Tc^y known, it is difficult to fay whence it is derived, and for what purpofes it is em- 
ployed* 

Tllie'ferum of the human blood contains fulphur, which in fome experiments made for 
me by Mr. Fred. Accum yielded fulphurated hidrogen abundantly. 

The air contained iq thq foUiculus aeris, appears from the few experiments which I have 
made to be analogous to atmofpheric air. 

I am, dear SIR, 

Tour much obliged, &c. &c. 

Sdbo Square, Ju/y 4^ i8oi. A. CARLISLE. 
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htquiriet relative to the Laws of AJinitj. By Cit. Bertbollet. f ^^ 

(Contintted from page 158.^ 
Of the Metallic Solutions and Precipitahs^ 

i.X N the two preceding Memoirs, I have principally confidered thofe fubftances whick 
are fimple, and of which the compofition is not variable % but it is known that the meCaUicr 
oxides have different properties, according to the ftate of the oxidation^ which muft ne<^ 
cefiarily affisA thehr chemical a&ion. 

The objed of this memoir is to ecamine, what may be the influence of the degree of 
oxidation of the metals in their chemical adion, and in general to compare this adioa 
with that of other fubftances, independantly of the properties with which I have been oc<^ 
cupied [Inquiries, Art. XilL) 

* Perhaps the dlTcolouring of filver fpoons in eating boiled e^t may ariie from the water of the (aliTa 
'being repeatedly brought into contaft with the heated albumcD, or from the water in which the eggs had 
t)een boiled having permeated the (hell. 

t Anaalet de Chimie, torn. XXXVIIL p. 113. 
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The folutioos and precipitates of mercury have appeared to me to be particularly voyjir 
of attention, becaufe chemifUj have obferved them with more care, and it is more eafv Iff 
deiciminc the conditions. "'|' 

2. Fourcroy has dercribed in the Memoirs of the Academy of Sciences, 1790, a fulp^ale 
of mercury, which he proves to be analogous to calomel, that is to fay, formed by mercury 
little oxi(;efiated. He has {hewn that the fulpliiic of mercoty, particularly wheji fucb a 
degree of heat only was employed as not to produce complete deficcaciDiiof the fulphnric 
acid and mercury, was divided by the adion of ilie water into two fulpliaies, one of whicli 
may be called osigenated fulphate, and the other mild fulphate. A fimpic method of 
obtaining this lad combination, is to dilute by a nearly equal volume of water, the 
fulphuric acid which is treated with mercury, and to caufe the mixture to botl ; little fqU 
phureous acid is formed, and inftead of oxigenated fulphate of mercury, that fulphate U 
obtained of which the properties have been fo well invefligaied by Fourcroy. 

In the determination which Fourcroy has given of the conflitucnt parts of the mild Tub 
phate of mercury, he fixes at 0,05 the proportion of oxigen which Is combined witU the 
mercury ; but for this determination, he fuppofes that on decompofing this fait by pot-afh, 
it is the pure oxide of mercury which is precipitated. But the metallic precipitates 
TCtain a portion of acid which he has ccgleflcd ; 1 therefore believe, that according to his 
Cipeiiment, the proportion of oxigen ought to be rather greater than that which he cft>> 
bliflies. I obferve, that in many determinations made by chcmifts in modern times, this 
confideratlon has been neglcfled, which renders them in fomc meafurc uncertain. 

The mild fulphate of mercury forms a permanent combination, which is not decom- 
pofed by water, as the oxigenaied fulphate of mercury ,is> upon which I fliall proceed to 
make fonie obfcrvations. 

if the proccfs Indicated by Fourcroy be employed, that is to fay, if the conoentrstcd 
fulphuric acid be made to boil with the mercury, without letting it arrive at a date of 
deficcation, a wliite mafs is obtained, compofcd of fweet fulphate and oxigenated fulphate. 
By the careful method of wafliing which he points out, the excefs of acid that mainiains 
the folulion may be feparated, from tltc oxigenated fulphate, and a portion of the mild 



When the operation is carried farther, or when a fufHcIent degree of heat is applied to 
the mild fulphate, a greater quantity of fulphuieous acid is difengaged j the mercury be- 
comes too much oxidcd to form the mild fulphate, and the comhlnatioa is found iniirely 
in the (late of oxigenated fulphate, which varies in the quantity of fulphuric acid it rnains. 
Let us examine it In the (late it poifcfles when the operation has been carried lo-dtyRclt, 10 
which confequently It may be confidered as not poiTefTng an excefs of acid. 

In this (late water produces a feparatlon ; the mafs which was before white, turns yel- 
low \ the liquid becoqies very actd, and holds a part of the fulphate in folulion ; there it 
formed what has been called, C nee the time of Kouelle, a fait with excefs of acid, and a 
fait with the Icaft portion of acid i but the proportions of thefc two combinations vary, 1. 

according. 
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'%CCordiag to-tl^ quantity of acid that tbe firft combination had retained ) a- according to , 
the quantity of water employed; 3. according .|o the tcpiperature ; for tl^e heat concurs 
with the aftion of the water. 

If inftead pf fimple water, af) aljcaline folution be employed^ which exerts a more power- 
ful adion upon \hf. acid than pure i^ater, two different combinations are formed, one o£ 
▼h^flll* is- found to.be aln^pft iniirely the ox;ide, and the other in which the acid is for the 
^o^ Dsijt engage(^:,.tfa^ precipitate then afforded differs principally from that which water 
Aifi|^'Mi;fiuld(lf^ye,.pr9flu^C^df by the fmaller proportion of acid \yhich it retains, and which, 
.depends Qn't)^.e decree qC concentration of the alkaline liquor which z€ts upon it. 

When the oxigenated fulphate of mercury has preferred a more conCderable excefs of 
;&cidiy.]^e .^i^ionof the ^cid may bc; fo weakened by the water, that no feparation will be 
i|iade» 

^..I h^e hitherto fgppof<?d| that there were but twp fulphates of mercury, one with the- 
^mall^ft poj^lible proportion (^ pxigen, and the other with the greateft proportion ; but it i^ 
i^nifeft that there are but iheCp two extr<;mes that are fixed» fo that they may contain within 
.tkejr limits s^i:t^e ot|vs^dejg^f^CS of oxid^t^j^p : the properties of thefe intermediate combi*^ 
nations differ fo much as to leave np room for tpc determination of their particular proper- 
^tic^ .upie^ both -the degree of oxidation, and the proportion of the acid be known. 

What I here obferyeas to the intermediate degrees of oxidation, muft alfo be applied to 
the o;her metallic fairs, fuch as the fulphate of iron, in which there are likewife only two 
fixed terms, that of the weakeft and that of the (Irongeft oxidation. 

4.. ^rgn^an had before difpovered, that the folution of mercury by the nitric acid made 
in the cold, has different properties from that which is prepared by means of heat ; and in^ 

• his very excellent treatife on the analyGs of waters, he remarks, that the former does not. 
. fo readily afford a precipitate with the folutions which contain fulphuric acid, and that the 

precipiute it forms is white, whereas that of the folution made with heat is yellow; that 
the firft then forms. mild fulphate of mercury, which is white, and more foluble in water 
than the oxigenated fulphate, while the latter forms the oxigenated fulphate. 

When the nitJcat/B of mercury is prepared by means>of hcat» (bme nitrous gas is at firft. 
difengaged,. but at a certain period, when the difengagement ia coniplete, .the mercury is 
perceived to be diffblved, with the produAion of fcarcely any nitrous gas. I am indebted 
. for this obfervation to Citizen Gay, a young chemift of the Polytechnic fchool, who adds 
much fagacity to confiderable zeal. We fee therefore, that by means of heat an oxigenated^ 
nitrate informed, which if the operation be not ftopped, afterwards combines with mercury^ 
as in another operation the pxigenated muriate of mercury combines with a frefti quantity> 
of this metal *i But in the fluid nitrate of mercury^ there are no determinate proportions. 

* By an obfervation of Fourcroy it is ihewn, that tbe oxigenated fulphate of mercury fubmitted to ebuU 
lition with water and mercury, ads alfo upon the metal : it muft therefore pafs to the ftatc of mild ful- 
phate. Thecorrofive mercurial muriate, when diifolvtrd in' water, does not a£t upon mercury ; but by tri- 
turation wfth mercury without water, it begins to combific v^^th it, and to impart its oxigcn : the cbmbina- 

tioA becomes uniform by iubiimatioju. 
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between the mercury moll oxigenated, and that \ektt To : it appears tliat all the iDtannediste 
proportions may cxift, as I have obferved with rcrpect to the fulphatcs. * 

When the nitrate of mercury is precipitated by the muriate of foda, mercurial aturiAel 
are obtained, which differ according to the oxidation of the mercury. With the nitrate 
little oxided a white precipitate is obtained, which retains a part of the nitric acid, and 
cannot be difToIved in the muriatic acid, nor be talcen up by the concentrated nitric aci^, 
without giving out much nitrous gas. From the foluiion prepared by heat, a piecipilatft 
is obtained rather of a yellow colour, which is not folubic in the muriatic acid, but readily 
dilToIves in the nitric acid, giving out Utile nitrous gas. The fupernatant Jluid affords by 
evaporation, a little corrofive mercurial muriate. 

If the experiment be made with a nitrate, prepared in fucba manner that die raercory 
(hall be in the moll oxided (late, and has not re-dilTolved any metallic mercury, and If it 
be diluted witli a confidcrably largt quantity of water, no precipitate is formed, but all the 
mercury Is found in the ftale of corrofive mercurial muriate : neTerthetefS) it is not obtained 
^n this (late but in a limited quantity, and fometimcs even none is hxd, according to the 
proportion of muriate of foda employed, becaufc the corrofive metcurial muriate has the 
property of forming wlih (he nitrate of foda a quadruple fait. 

This fait is capable of forming rhombcidal cryftals, grooved on their face, of a confide- 
rable (ise : it fufes upon ardent charcoal ; by espofing it to a fufEcienl heat iii a retort, all 
the mercury is feparaicd in the form of coirofive mercurial muriate. The reftduc is a nitrate 
of foda which retains a little muriatic acid, fo that the feparailon which takes place is de- 
cided by the refpeflivc votatillty of the fubCtances, and by a difference of affinity between 
ihc nitric acid and the muriatic acids rctaiivc to the oxide of mercury. 

After the cryftaillfation of this fait, another is obtained in fmall needles, which appew to 
he a complex fait, in which the oxide of mercury is found in a greater proportion. 

Nothing certain can be eftablifhed as to the refults of the mixture of the nitrate of mer- 
cury highly oxided, and the muriate of foda, becaufc they vary according to the propor- 
tions of the fubftances which 3&.. 

From the preceding obfervaiions we deduce, that the nitric folution of mercury may holi 
this metal in folutlon from the loweft degree of oxidation to the highcft, or to that vhich 
is required for the conflltutlon of coriofive mercurial muriate ; that it may poflcfs it in all 
the intermediate degrees, but that its properties will be different according to the degree 
«f oxidation. 

;. Fourcroy lays it down at a principle, that any metallic oxide whatever gives to acid! 
a colour (imilar to that which Iihasitfelf; whence he concludes, that when a mercurial 
precipitate which proceeds from a white fait acquires another colour, a change muft have 
been made in the oxidation. This opinion does not appear to me to be well founded. 

I took fome muriatic acid, and diflolvcd in it fome ted oxide of mercury, the foliitioa 
was eafily effcftcd, without any difcngagement either of oxigen gaj, or oxigenated muriatic 
acid : it fponiineouOy afforded fine cryflals of corrofive mercurial muriate. I may here 

rcmarki 
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stmark» that this procefs appears to me to be the moft fimplei and the leaft expenfive for- 
die preparation of the corrofive mercurial muriate. 

' The combination which^ I bad formed contained the red oxide of mercury> with all its 
oxigen i yet it was colourlefs ; with ammonia it would have given a white precipitate} and 
with lime and the alkalis a precipitate ihore or lefs orange coloured. 

Thq red oiudc of mercury readily diffolves in the nitric acid, without any difeogage"* 
Ineot of pxigen ; this folution cryftallizcs and forms a white fait ; but if there be not a- 
fpfficient excefs of acid, it gives with water alone a white precipitate ; with a greater quan- 
tity of water recently diftilled, a yellow precipitate ; with lime and the fixed alkalis a pre- 
'Cipitate of a much deeper yellow colour* 

A coloured oxide may therefore form white fal^s, and afterwards afiume other coloursr 
without undergoing any change in its oxidation. . 

6. Several chemifts have obferved, that the muriatic acid has a- greater difpofition to 
combine with very bxided. metals^ than (bc^ nitric and fulphurlc acids. Fourcroy applied^ 
thb conGderation with advantage to explain feveral phaenomena. On this fubjedl he thus- 
exprefles himfelf : (Mem. de VAcad. 17909 page 381.) *^ Every acid requires quantitiea-of 
ox4(^n in the metals, in order to combine with them ; the muriatic acid in general does* 
not combine with thofe metals, unlefs they be much loaded with this principle, or highly, 
bxided ; the /tiercury appears to be more oxided in the corroflvc muriate than in the nitrate/' 
\ (hall taike ^e liberty.to make fome obfervationsoiit;he principles laid down by my learned- 
colleague. 

It does not appear to be exa& to fay, that, each acid requires different quantities of- 
exigei^ in the metals to combine with them ; the nitric« tbe fulphuric,, and the muriatia 
' acids form combinations with mercury, from the leaft to the moft oxided terms; aodifc ia^ 
the feries which rcfulcs in the muriates, which makes the principal difference in all phar* 
maceiuicaL.pKeparatioDa^ /rOm ^he corrroiive fuhlimate to the mercurial panacea : but there- 
Is this difference,. that. the coni^binatioa of' the fulphuric acid and the nitric acid with highly, 
oxided mercury is much weaker^ and more eafily- decompofed,. even by the a£lion of water, 
than that of the. nuiriatic acid^. whiehon.the contrary prefents a. very permanent conftitv** 

If our attention be direded to thofe metaUwhicb have the prroperty of affluming largCx 
proportions of oxigen, fuch as iron, tin, antimony, 3cc. we fliall obferve the fame proper- 
ties with regard to the fulphuric, nitric, and muriatic acids, fo that the aAion of the twa 
firft, which diminifhes in proportion as the oxidation > advances, is fometimes fo much- 
weakened,. that theyiabandoa imirely, .or are incapable of diflSHving fomc very oxided 
metals; on the contrary, the muriatic acid diffolves them and holds them in folution, fa 
that it caniiot:be perceived rwhcthec its a^ion be. weakened, or whether. on the contrary, it 
be not increafed by a greater, oniflation*. 

A plaufible explanation may be given of this comparative property' of the fulphuric, ni-- 

trie, andimuriatic acids* Sulphur and azote,, tbcbafes of the two former. are faturated with.i 

3., oxigcuj, 
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oxigen, fo ihat their refulling alTinlty for the fubftances thai are alfo greatly oxigen^dlr 
very weak ; but the ciiKiaiic acid which appears lo have in iis conftiiution ontj a very fmaU 
proporiion of oxigen, ought to have a much greater dlfpoGtjon to combine with oxigcnated 
fubftances. / 

7. In rhe preceding oblervntions I have fuppofcd, that the different alkalis fliare the add 
of a metallic folution with the oxide which is precipitated. I do not here fptalc of pTecl> 
piiates by ammonia, which in fome circumilanccs is decompofed, and by thai meaoi 
changes the conftiiution of the precipilnte, as has been particularly fhewn by Fourcroy J 
but this property is fubj :& to modifications which demand particular attention. 

The experiments of Bayen have afcertained beyond a doubt, that ihc precipitates of mer- 
curial nitrates and muriates retain a greater or lefs portion of acid, fo that on expoling the 
precipitates of the mercurial nitrate to a fufTicient heat, fome nitrous acid is difengaged i 
and on making the fame experiment on the precipitates of mercurial muriate, a greater or 
lefs quantity of infoluble mercurial muriate is fublimed. I Oiall here add fome obfervations 
to ihufc I have already made. [Inquiries, Art. XIII. No. 1.) 

When the oxigenated moriate of mercury Is decompofed by the preeife quantity ol car* 
bonate of foda, which is neccfTjry to effeft its precipitation, the precipitate contains Rtu- 
riatie acid, carbonic aoid, and oxide of mercury in excefs \ fo that on expoling the prcci- 
pitste to the a£lion of heal, carbonic acid gas and oxigen gas are djfcngaged; nearly half 
the mercury is reduced to metal, nnd the red of the precipitate iii fublimed, retaining all 
the muriatic acid which remained in combinAiion with the oxide, and forming the mercu- 
rial muriate obferved by Baycn. The liquid fupernatant over the precipitate affords by 
evaporation, at 6rft carbonate of foda, and afterwards a triple fait in which foda predo- 
minated. 

Tlie carbonate of pot- afh prefcnts dilfcrenl phsnometia.' A very fmall portion only is ne- 
celTary to produce a total precipitation in the folution of corrofire mercurial muriate, and 
the precipitate obtained does not amount to half the weight of what would be given by the 
fame quantity of oxigenated muriate of mercury, precipitated by the carbonate of foda. 
Tilts precipitate, expofed to the ai£lton of heat, gives out carbonic acid, and fublimcs almoA 
totally in the flaie of mercurial muriate, with the lead portion of acid ; a very fmall portion 
only refuraes the metalhc (late. The liquid that covers the precipitate makes no cffervcf- 
cence with th>; acids ; fo that here the whole of the carbonic acid is combined in tlie preci- 
pitat,e with the oxide, and a portion of muriatic acid nearly double that contained in the 
precipiraiL by carbonate of foda. The liquid when evaporated affords a triple fall mudi 
more foluble in water^tran the oxigenated muriate of mercury : this fait cryUalltzcs in Clkf 
needles. ^,1^ 

The carbon's of ammonia caufes an effcrvcrc«nce on decompofing the corroGvc nicr- 
Ciuial muriate, and no acid is found either in the precipitate or in the fupernatant liquid. 
The weight of the precipitate conftitutes nearly fire fixths of the muriate decompofed; a 
difengag-mcnt of ammonia takes place on the addition of lime. When urged by heat, rht 
VUmoitia is decompofed, and azote gas only is received. All the mercury is fublimed with- 
4 out 
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out reduflion. But we perceive that in this fublimate the mercury eannot be as much 
oxided as in the fublimation of the precipitates by the fixed alkalis or lime, becaufe It has loft 
a part of its oxigen by the decompofition of the ammonia. The liquid which covered the 
cipitate contained a combination of oxide of mercury, of muriatic acid, and ammonia. 

The precipitation by ammonia prefented the fame phenomena, except the effcrvefcence. 

8. By dirc£ting our attention to the other metallic folutions and precipitations, the cha- 
rafler of thofe of mercury are eafily difcovered, as well as the modifications which de- 
pend on the particular affedlions of each oxide ; I therefore think we are juflified in flating 
the following principles : 

1. The acids a£t upon the metallic oxides the fame as upon the other fubflances, in 
proportion to their mafs, fince when a metal has become but little foluble or infoluble, it 
may be difToIved by an excefs of acid, or may form, by means of fuch excefs, a more du- 
rable combination^ 

2. When a metallic combination Is decompofed, the alkali or alkaline earth made ufe of^ 
produces a divifion of the acid, in proportion to the energy of its aftion. If the metallic 
combination is weak^ water is fufficient to decompofe it } falts with either the maximum 
or minimum of acid are then formed* In this cafe the metallic oxides follow the fame 
laws as other fubflances ; but it fometlmes happens that it is not the alkaline bafe which is 
added that afTumes its fhare of the acid, but it is the metallic oxide on the contrary that 
divides the precipitate with the acid ; as when we form fulminating gold, or the orate of 
ammonia* Sometimes alfo the precipitant, the acid, and the metallic oxide from two 
complex combinations ; one of which is infoluble and the other remains liquid, as we have 
feen in the decompoGtion of the corroflve mercurial muriate by ammonia, and in the ex- 
periments that I have defcribed (firft feries, Nos. X. and XL) 

In general, but particularly with refpe£l to the metallic folutions, we muft not feparate 
in our reafonings, the fubflance employed by the name of precipitant from the liquid ia 
which the precipitation Is efFeAed ; but attention ought to be paid equally to all the fub« 
ftances prefented, and which may form new combinations. 

3. The coloured oxides may produce colourlefs combinations ; but on giving out a part 
of the acid with which they were combined, their colour will again appear in proportion 
to the quantity of acid they have yielded ; fo chat this colour is an indication of the confli* 
tution thus eflabllfhed^ provided the ftate of oxidation has not been changed by any parti« 
cular circumftance. 

4. The metallic oxides cannot be compared together, unlefs they are taken in a deter* 
minate ftate of oxidation. All the combinations they are capable of forming vary, not on! j 
from this caufe, but alfo from the proportion of acid they retain, when this proportion is 
not determined by a cryftalllzatlon, With refpeA to oxidation there are only two extremes; 
that of the fmalleft, and that of riie greateft oxigenation which can be co;ifidered as 
conflant* 

VoL.V.— August i8oi, Bb Hence 
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Hence it follows^ that the, nomenclature can only indicate in a Vague nlantler, Jnd with 
great latitude, any metallic combinations in which the oxidatiot^ and the proportion of the 
acid are not determined. 

5. The acids do not follow the fame progreffion in their affinity relative to the degrees 
of oxidation. There are fome in which the affinity diminifhes with the oxidation ; fuch are 
the nitric and fulphuric acids ; in others again it appears to increafe, fuch as the muriatic 
icid. Hence we may perceive, independant of all the confiderations I have mentioned, 
how groundlefs the pretenfion was of claffiilg the affinities of metals for the different acidS| 
by coniidering them as conftant forces. 

6. The refults o^ the complex affinities of metBJlic fotutionSi mixed with other f^lts» 
may alfo vary from the proportion of thofe falts. Conformably to what has been obferved 
[on the influence of proportion in the complex affinities) \ fo that then the proportion of Oxigen 
in the metallic oxide, that of the oxide in the folution, and that of the faline combinatioa 
brought into a£^!on with it, all contribute to the new combinations which are eftabliOied. 

7* We might therefore obferve in the chemical a£lion of the metallic folutions^ the laws 
^hich we have eftabliOied in that of the other Combinations, if Oiidation did not caufe a 
change in the affinity of the metal, either for thd acidsj or for the <>ther ftibftfanceS, and 
snultiplyi as it were, in the metals the property of forming combinations ; whence the re* 
fults are often fo complicated, that though by accurate obfervatioti we m^y develbpe th6 
fa£2s and the circumftances which determine them, yet they cannot be forefeen by theory^ 
from the mere confiderafion of the known properties^ as may be done with refpedt to other 
fttbftances, the a£tionof which depends on a fmaller number of Conditions* 

8. The (late iti which oxigen is found combined with the metals, has^ lik^wife ^n inffo* 
ence upon the properties of the metallic oxides, and of the precipitaties Cohi^ared witH e^cli 
Other. Bayen obferved, that feveral mercurial prccipifal^S, as well as the rrf oxide, de- 

' fonate (Irongly, though in an unequal manner when expofed to heat, after having been 
mixed with fulphur, and that fome do not pofTefs this property ; but he has not given the 
reafon of the phaenomenon and the exceptions. It appears to me indubitable, that this 
property of the oxide of nlercury, and of the precipitates in which it preddminat^Sj is a 
confcquence of ilie oxigen ppflefliJig more caloric, than it prefcrves in thd combinatioa 
that it forms with the fulphur, or in the fulphuric acid. The fame thirtg tlhetefore hap« 

,pens as with tlie nitrate and oxigenated muriate of pot-a(h ; except that the effe£t is \th 
conGderable ; but in the precipitates of tite corrofive mercurial muriate, part only of the 
mercury can be conGdered as not combined S^ith the muriatic acid, namely, that part which 
may be reduced into metal by the ad^ion of the heat which produces detonation. Suchot 
the precipitates therefore as retain. a fiifficient quantity of the muriatic acid, to admit only 
of a fmall reduction of mercury by the a£Hon of heat, cannot produce detonation; and 
fuch in fad are the precipitates by ammonia^ by the catbonate of aitimbnia^ and by the 
carbonate of got-sUb*. 

2. I'h* 
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9. The property difcDvercd by Bayeo is therefore analogous to the fulminating property 
of the orate and the argentate of ammonia j J)ut it is not perceptible in the other metallic 
oxides and precipitates. ' Hence the. oxigen in the latter mud neceflarily contain a lefs 
portion of caloric. 

10. The properties which depend upon oxidation vary therefore in each metal^ on ac- 
count of the propo.rtldns of oxigen; and thofe which depend oh the (late of concentration 
poflefled by oxigen, conftitute the leading caufe of thofe phenomena which arife from the 
changes of combination in elaftic fi^bftances. {Inquiries^ Art. XIV. Nos. 12 and 15.) 



(To be continued,) 
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Exptrimehts and Obfirvatumt onvarieas Kinds of Candles, made of. Wax, TaJ/pvi, Sperihacetit 
and offuch as are manufaBwred of a Mixture of thefe Subftances ; as ^ well Hvitb Regard to 
Cbeapnefs as to the ^antity of Light they afford. By Sig\ Fr, He^RMSTASDTf'jPr^Jor^nd 

• Member of the Royal College ofPhypdans at Berlin*. ' ; \ . 

X iIE illumination of apartments is an article of the £r{t necefllty for every clsifs of 
people> ahd tbd'incam by which it' is' produced arc fo likely to advance in their price, that 
dris illumination continues to be an objed of confiderable importance, for every £amily 10 
hotrfekeeping, whether numerous or moderate. Bat a^ it is impoffible to tfbti&te this ne« 
ceffity for lighting our apartments,' it becomes the duty of every one to be attentive to the 
profpefls of oeconomy in this refpeA : fince the faving, though fmall widi regard to a fingje 
candle, may neverthelefs in tiine amount to a f^m by no means contemptible/in houfe- 
Iceeping upon a larger fcale ; more efpecia^y, when the elegant enjoyments of life 'demaad 
a brighter light, than is necefiary for the nniere purpofes of domeftic utifity. 

The experiments which I lately had ati Opportunii^y'of making during^ the official «xa« 
mination of various forts oJF tallew candies^ with regard to oeconomy in their cbnfum^ftiOQj 
as well* as to tlie quantity of light ^fibrded by thicir combuftion, afforded refuks, which 
appeared deferving bf attentiori, and were fu£cient to li^duce me to make a new fet of 
•experiments, with candles mkde of mixed ingre^tits^ in order to compare them' with the 
former. Thefe, likewife, fumiflied refirits by no means uninfereding, afld afford con- 
clufions of equal utility. Thefe reafons have induced me to publifli my obfervations fdr 
further examination ; and even (hould my remarks and obfervations appear to.fom^ readers 
of very fubordinate importance, yet I might rcqueft them to •cotifider^^nat'evctn fs^s of 
little moment have frequently afibrde4 a foundation to more difcoveries of greater mag- 
^nitude. _ . 
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* Tranflated froifl the Gpiroan in Scheref^ AHgemetnen, Journal der (Vjemte^ Vol. IV. page 4jQ|. 
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JPirJt ixperiment with a wax candle of thejize of fix to a pound.^^K white wax Cindle 
weighing txzQXj 2 ounces li drachms ($1 <^^^0 avcirdupcis weight*, was lighted and 
kept burning for one hour in a calm place ; after which combuftion it exhibited a lois of 
weight of 115 grains. According to this proportion the combuftioa of the whole candle 
wouJd Iiave required 11.217 hoursj or which is the fame, ii hoars and 13 mioates. The 
burning of this candle proceeded quietly} with a tranquil^ not undulating flame, and with- 
out notable fmoke and foot. 

Second experiment with a mould falloiv candle of Jix to the found, — ^The candle weighed 
bounces, 10 drachms, {^^Loth,) and loft in weight 1 85 grains after an hour's burning; 
the whole of it would therefore have been intirely confumed in 6 hours and 45 minutes* 
The flame was flightly agitated, and emitted much vapour. 

Third experiment with a mould tallow candle of eight to the ^///iJ.— The weight of this 
candle was i ounce^ 15 drachms, and 4 grains (3^ Loth.) When it had burned one hour, 
it had loft 140 grains ; whence it might have burned 6 hours and 40 minutes. The other 
phsenomena during its combuftion were like thofe of the preceding. 

Fourth experiment with a mould candle of nine to a pound.-^lts weight was I ounce 12 
drachms, (3-^ Loth.) and the lofs of weight after one hour's burning was 140 grains; con* 
fequencly this candle would have lafted feven hours before its intire confumption. The 
flame refembled that of the laft. 

The refults afibrded by thefe experiments appear to. me deferving of attention in various 
points of view. It was on this account that I refolved to make various kinds of candlesi 
compofed of pure fpermaceti, of fpermacetl and tallow, and of tallow and wax. in yarious 
proportions of the ingredients. And laftly, I made trial of a mixture of wax, taliqw, and 
fpermaceti. The refults which I obtained in thefe experiments* wqre the following: 

JFifth experiment with a mould candle^ made of two parts of tallow and one of iciaar.— This 
candle weighed 2^ ounces, 24 grains (5 Loth,) It was lighted, and after an hour's com* 
buftion loft 166 grains ; it might confequently have burned for the fpacc of 7 hours and 
JL2 minutes* The flame of this candle was a very good one ; it emitted fcarcely any va- 
,pour| and in this refpe£l it very much refembled the o^pdle made of pure wax. 

Sixth experiment with a candle mantfaBured of one part wax and three penrts tftalbw*^^ 
The weight of this candle was 2 ounces and a half, and 34 grains. From the lofs of 193 
grains, which it fuftained by burning one hour, it appears that it would have required 
6 hours and 23 minutes to be wholly confumed. The flame of this candle was Ukewife 
fteady, and afforded but a fmall quantity of foot. 

Seventh experiment with a mould candle made of pure fpermaceti.-^ made a candle of this 
defcription, of the weight of 2 ounces and 3 drachms, (4} Loth.) When lighted and kept 

* The Berlin found of 32 Lothc, on 6 ouncei, is equal to 3616.3 Eagliih grains; (b^thatone ouoce 
Berlin i» equal to 2^26, and the drachm to 14.) Englifh grains, difregarding the finall decimal fraaionof 
3-lOths of a grain in the pound. The fubdivifion cf the Englilh avoirdupois weight into 16 ounces, CKh 
into 16 drachms has been employtd here without farther redu^on.— Tiranfl. 
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burning for one hour, it loft 250 grains of weight, fo thaf fhe whole time of its combuftion 
would have amounted to 4hours9 I2 minutes. Whence it follows, that the candles made 
of fpermaceti are far lefs oeconomical with regard to expence, than wax or tallow. BcGdes 
which, the flame produced by this candle was very unfteady, fleeting, and it alfo gave out 
a quantity of fmoke and foot. 

Eighth experiment luith a candle compofed of equal parts of fpermaceti and /^/foti;.— This 
candle weighed 2 ounces, 6 drachms, and 4 grains, (4^ Loth,) I fufFered it to burn one 
hour, and found it to have loft 213 grains; whence the whole time of its combuftion 
would have been 5 hours 22 minutes. Its flame differed very little from that obferved in 
the foregoing experiment. 

Ninth experiment with a candle made of one part fpermaceti and two parts of t alio w.^^Thc 
weight of a candle of this mixture was 2 ounces, 6 drachms, and 5 grains, (4^ Loth.) of 
which it loft 200 grains by one hour's burning. Its total combuftion, therefore, would 
have been accpmplilhed in 5 hours, and 4^^ minutes. This candle guttered or overflowed 
very much, and aflfordcd a bad, footy flame. 

Tenth experiment with a candle prepared of one part of fpermaceti mixed with three parts of 
tallow. — ^This candle weighed exadlly 2 ounces, 6 drachms, and 45 grains, (4I Loth.) By 
burning for one hour, it fuftained a lofs of weight of 235 grains ; hence the whole time of 
its combuftion would have amounted to 5 hours and 3 minutes. The flame of this candle 
alfo was not notably different from that of the laft. 

Eleventh experiment with a candle compofed of equal parts of wax and fpermaceti ^ together 
with three parts of tallow. "^Tlic weight of thia candle amounted to i ounce, 6 drachms, 
and 56 grains, (3I Loth.) During the combuftion for one hour it loft 246 grains, and 
would confequently have lafted 3 hours, 54 minutes, before it was intirely confumed. In 
other refpe£ts the flame of this candle was very bad } and it depofited a quantity of fmoke 
and foot. 

Computation of the Expence attending the Confumption of theft different Kinds of Candles com* 

pared with each other. 

In order to obtain a very accurate proportion of the faving of expence that might be 
made by burning thefe various fpecies of candles, it would be neceflary, not only that the 
candles themfelves (hould confift of equal mafles, but likewife of equal diameters or cir- 
cumferences : for (ince, as I fhall prove in the fequel, it refuhs from my experiments, 
that the faving in the burning of a candle is proportional to the fmallnefs of its diameter, 
and fince the candles employed in experiment 3 and 4 had a fmaller diameter than the 
others, the following calculation with regard to the oeconomy in burning thefe two fpecies, 
is only an approximation; whereas it is perfeAly accurate with regard to all the others, 
becaufe they were ufed of exa£ily the fame diameter. It will be ealily perceived, that I 
have calculated the fa?ulg to be made in ihe burning of a candle from the quantity of fuel 
3 or 
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or combuftible matter^ which is confumed in a given time. Befides which, I have afltimed 
for the given time the fpace of an hour; and in order to provide rayfelf with a determined 
point of comparifon, I have taken that quantity of fuel which is confumed in one hour by 
burning a wax candle, for the given unity as a bafe, and have thtis compared the refpe£live 
lofles in the quantities of combuftible matter, which the other forts of candles fuftain, while 
burning during an equal fpace of time. The refults of this calculation are, for the fake of 
brevity, placed together in the following table : 

If, in a given time, are confumed of a pure wax candle 
There will be confumed during an equal* time of 

J • . • tallow candle, 6 to a pound • ... 

b • . • ditto 8 ditto - - • - - 

r . . . ditto moulded, 9 ditto ,.---.• 

J. • • candle made according to tbe'^^th experiment 



looo Founds ' 



1,608 



,217 



i)043 



- 1 



e . . . ditto 
f. . . ditto 
g • • • ditto 
h ,* » ditto 
2 . • • ditto 
k . . • ditto 



6th 


ditto 


7th 


ditto 


8th 


ditto 


9th 


ditto 


loth 


ditto 


nth 


ditto 



443 
1.678 

2,174. 

2,008 
2,138 



From thefe refults it is very manifeft, that of -all candles thofe made of pure and whit^ 
-iwax bum the longed, and alfo that tallow candles are the more fparingly confumed, the 
<thinner they are, or the fmaller their diameter is, and that, on the Gontrary^ fpermaceti 
candles undergo the greateft wade of fuel ; befides, that they emit more vapours than can- 
4lles of tallow, although thofe vapours have not a very difagreeable fmell. He therefore, 
who defires to illuminate his room with oeconomy, (hould procure very thin, mould tallow 
candles, fo that about 12 or 16 of them will go to a pound, and he will find them ftill 
more advantageous, than is (hewn by the above refult ; fince, in it, mould candles of only 
^ to the pound have been reckoned. But even in that cafe we fuppofe, that in a certain 
rate of houfe-keeping 100 pounds of tallow candles of the fize of 6 to a pound are required^ 
the fame illumination may be effeded, according to the experiment here alluded to, with 
only 64^- lb. if dipped candles of 9 to a pound be employed. Now the pound of mould 
candles cods 5^r£/?i^/i •} confequently lOO pound will coft 20 dollars, 2o g^ofcheny whereas 
64I lb. of dipped candles, reckoning the pound at 44^ grofchen^ wil( coft no more than to 1.2 
dollars 3 grofchen ^\d. fo that in fuch a houfekeeping there is a yearly faving of 8 dollars, 
16 grofchen y^d. which in another upon a larger fcale will come to a confiderable amount* 
It need not be mentioned, being obvious of itfelf, that in thinner candles the tbicknefisi pf 
the wick muft always bear due proportion to the mafs of tallow. 



♦ The Berlin grofibe is equal to 1 4-15ths of a penny, or nearly one penny and a farthing EngliHi. The 
ofchen is fabdivided into 1:2 pennies, and one Berlin dollar is v^orth 2 thillings $ 2-5ths. pence at par. 

We 
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We may now from the preceding refults, founded on experience, draw the following 
conclufions : 

a) That in general tallow candles of a fmaller diameter are confumed more fparlngly 
than thicker ones. . 

h) That the reafon of this phaenomenon mutt be fought for In the mafs of tallow, which 
being too great in thick candles, is heated at once, and thus volatilized without burning 
like the fat in roafting meat; for which reafon, 

c) Since a fufiicient quantity of oxigen gas from the atmofphere cannot then aA upon it,, 
but only on the exterior part of the flame, a great part of the combuftible matter mud be 
loft in thefe vapours^ at the increaGng ihtenfity of heat, without decompofing the air ia 
order to extricate light by burning. — But this oh the other hand, 

d) Cannot be the cafe with thinner candled, becaufe much lefs of fuel is loft, and alfo 
becaufe in that cafe lefs of tallow is neceflary to be confumed, in order to produce the fame 
quantity of light as is afforded by a thicker candle : for in this cafe more of oxigen gas is 
decompofed, and more free light feparated, which alfo 

e) Affords this great advantage, that fuch a candle produces lefs vapour and foot, be- 
caufe the fuel being then more effe£lually confumed, will be volatilized, and go off a^ foot 
in an uYidecoropofed ftate in a nvuch lefs proportion. 

But candles would afford the brigficeft and pureft light, which have a broad, ribbon-like 
wick inftead of a round one, of to which the form of hollow cylinders were given, fo that 
the air might aft upon the flame inwardly as well as outwardly. For by an arrangement 
of this kind all the combuftible' matter will be confumed, and no fmoke nor foot, but 
merely water and carbonic acid gas can be formed, as muft be evident to every one ac- 
quainted with the principles of chemiftry* But to fuch as are not chemifts, Argand's 
lamp may ferve as a proof. ' At the Tame time it is equally evident from the preceding 
theory or explanation, that every flame, which is not obfcured by foot, muft afford a 
ftronger light than another in oppofite circumftances ; and it is equally obvious, that fuch 
a flame, from the total abfence of fmoke and foot, cannot emit any unpleafant odour. I 
intend to inftitute further experiments on this fubjeft, and to commimicate them at a. 
future time. 

Laftly, I have alfo endeavoured to afcertain the intenfity of light emitted by the various 
ibrts of candles here mentioned. For this purpofe the lighted candle was placed upon a 
table in a room totally darkened. I then, holding a book in the hand, withdrew back- 
wards, until the charafters became invifible to my eyes. The fcveral diftances from the 
Miminous cone were accurately meafured, and afforded the following refults : 

The wax candle (Experiment L) emitted light, of which light the illuminating diftance, 
was lo feet, i inch, 6- lines Rhinland meafure *• 



* ARfiinlimd foot 19 equal to about 1 foot and 3-lOthtof au incfaEogIiihne8fure«-->Alineisone- 
Uwelfth of an inch.— TraQfl. 

The: 
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19^ On ihe Co^ of Illumination by different Kinds tf Candles. 

Feet Imci. Lines. 
The tallow candle of Experiment 11. gave - - 1 1 2 6 

The ditto ditto III. - - .- ii 5 o 

The drawn candle of Experiment IV, - - - la 2 3 

The candle of ditto V. - - -1290 

The ditto ditto VI. - • 11 3 o 

The ditto ditto VII. - - - 9 9© 

The ditto ditto VIII. - - -.1260 

The ditto ditto IX. - - - 12 4 <S 

The ditto ditto X. - - - 1260 

The ditto ditto XL - - - 12 9 o 

If thefe diftances be compared with each other, and if the intenfity of illumination Ihewn 

by the wax candle be taken as the ftandard unity, the following intenGtie$ of light, as pro* 

duced by the fcveral candles, will be the refult by calculation. 
If the illumination, eSeAed by the burning of the wax candle according to Experiment If 

be ----•-.- 1,000 



ditto 


III. 


ditto 


IV. 


ditto 


V. 


ditto 


VI. 


ditto 


Vll. 


ditto 


vin. 


ditto 


IX. 


ditto 


X. 


ditto 


XI. 



then that of Experiment II. will be - - • - • « i»i07 

1,127 

1,203 

... - - . 1,260 

----- - iji04 

0,963 
1,234 
1,234 

h234 

----- 1,206 

From this it follows, that, in general, tallow candles bum with a brighter flame than 

thofe made of wax ; notwithftanding that the refults of thefe experiments do not ieem to 

fucceed each other in a perfedlly regular order. On this account I do not yet ventare to 

infer from thefe refults any decided opinion concerning the ftrength of light ; but (hall poft- 

pone the fuller inveftigation of this point to a future time and more leifure *• 

* It is hoped the author will then likewife take notice of the thicknefs of the wicks, at well as of the 
temperatures, fize, and other circumftances of the rooms where his experiments were made, which on one 
fide will make his inquiry more complete, while on the other it will afford a means to form by calculatkm 
a reafonable eftimate of the probable quantity of fueh kind of fuel wafted by combuftion in a given time, 
place, and temperature. There is alfo reafon to conclude, that a f0f0^ degree of accuracy would have 
been obtained if the relative illuminations had been determined from the fhadows of the iame book when 
equally dark upon an oppofite wall, as the iateDfitics of light are then univerlally as the diftanccs of the 
candles from the wall.— Tranilator. 

Siirt 



Dt/tripiUn offornt. ntv) Fojih. 193 

IX. 

Short Notice concerning the Properties and external CharaElers of fome new Fojftlsfrom Sweden 
and Norway ; together with fome Chemical Remarks upon the fame. By Mr. D*Andbada. 
In a Letter to Mr, Beyer ^ Mafter of the ATmes at Schneeburg. 



SIR, 



Wi 



HEN you had ttie goodncfs to infpeA fome fpecimens of the new foflils, which I. 
have found in my laft travels in Sweden and Norway, and brought along wiih me, you 
deGred to become acquainted at lead with their number and names. I comply with this 
fuggeftion ; but wifli, at the fame time, I were alfo able to communicate to you a defcrip- 
tion in my own manner, as well as the refults of the analyfes which I have already made of 
fome of them, together with that of others, which at prefent are the obje£l of my occupa- 
tion, and of thofe of which Profeflbr Abilgaard has undertaken the analyfis at Copenhagen. 
However, having deftined thofe defcriptions and accounts partly for the Academy of 
Sciences at Stockholm, partly for Copenhagen, partly for the Berlin Society of Friends 
inquiring into Nature, and partly for the Philomathic Society at Paris, I mud for the pre- 
fcnt deny myfclf the pleafure of defcribing them fully. 

You will receive, together with this letter, only a few of thefc fpecies'of folEls, together 
with a (hort notice concerning their properties and chara^ers. 

I. ACANTHICONE. 

The colour Xs leek and olive green, and fometimes, though feldom, that of the green- 
finch. Specific gravity from 3.4075 to 3*3562 *, but that of the more compa£t fort 3.3000. 
It is not fcratched by quartz, and it gives fire with ftcel. ^ The texture of (he mixed fpe- 
cimens, or in lumps or cryftallized, is foliated, but in the others fine fplintery, and more 
compad. The laminae are thin, very coherent, and of a three-fold crofllng.* The entire 
fplinters are quadrangular parallelopipedons with oblique terminations. On the edges it is 
.tranfparent. The internal luftre is of the vitreous kind. The cryftals are, (•!.} quadri- 
lateral, hexahedral and decahedral columns, terminated in dihedral, tetrahedral, and hexa- 
hedral pyramids; and fometimes alfo without pyramidal terminations. (2.) Tables, or 
plates, quadrilateral, oblong, rhomboidal, (harpened off on the long narrow lateral facets. 

• Durcbgang in the German. Many foflils are capable of being fpllt in various dircfticn? ; fo that the 

lamin« crofs or tranverfe each other under various angles, and hence each particle of fuch a foflll rauft belong 

to one or more laminae. If thefe cut each othec in one dire£lion only, as in mica, talc, &c, it is called 

Jinglicr9ffing\ if in two directions, as in the feld-fpar, hornblende, hyacinth, it it cdiWcd iiuofoU crojpng i 

.if in three, as in fpathofe iron ore, ponderous fpar, galena, &c. it is then called tbrafold cr(^ffing^ and fo on. 

Sec Emmerlihg Lehrbuch der Mincralogie, 1793, Vol. III. 479. — Tranrt. 

Vol. v.— August i8oi. C c If 
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If two of thefe plates be rubbed upon eacli other, they are a little phofphorefcent, and emit « 
a fmell refembling that of quartz by friAion. Acanthicone is in fome degree pyro« 
eleftrical. Before the blow-pipe upon charcoal it readily fufes, with effervefcence, into a 
blackifh fcoria replete with air-bubbles. In the cold it' is infoluble in the fulpharic and 
nitric stcids. This foflil occurs in the Swedifh iron-mines, near Periberg, LengbanOiyttay 
and Norberg ; but in Norway very beautiful fpecitnens of it are met with in the Kulftad« 
mines at Helgoland, and near Arendal in the iron-mines Tornbiornfbo, Ulrica, Not« 
bro, &c. Till now it was miftaken^ or confounded with fchorl, or with green garnets. 
Some cryftals are fo large as to weigh five pounds* 

n. SPODUMENE. 

The colour is commonly a greenifli-white of various (hades. Tlie luftre that of the 
mother-of-pearl. In the fubftance itfelf it is little tranrparcnt, but much io on the edges. 
Its fpecific gravity is 3.218. It fcratches glafs, but is itfelf fcratched by quanz, and afibrds 
a white powder. It feels colder than quartz, yet dry and fmooth. Spodumene is net at 
all ele£lric, nor phofphorefcent ; nor does it afibrd a quartzy fmell by fri£Hoa. Its texture 
is lamellar^ with a double crofling. Its pcrfe£l fragments are rhomboidal acute-angled 
prifms (120° and 55°). The fragments of the crofs-fradlurc are for the mod part iongifli 
plates, that have their edges but little fliarpened. When fubjefted to the blow-pipe upon 
charcoal, it becomes, at the firfl: gentle impreflion of heat, opaque, dull, and yellowifli ; 
then developes itfelf in the direction of its laminae, at the fame time that it fwells a little, 
falling afterwards into an infipid powder, which by a ftronger heat affords a very tranf* 
parent greenifli- white glafs. Nitric acid does not diiTolve it, nor produce any eflervefcence. 
It is found, together with feveral other fofEls, in the remarkable formation of iron at UtoOj 
in Skarrgarde, three miles from Dalero. 

III. SAHLITE. 

Its principal colour is a pale afparagus green of various fhades. Its external hiftie 
Vitreous, inclining to wax, but imemally it has little fplendor. It is tranfpaient, and 
fometimes femi-pelluctd, if the cryftals are pure, and have fuffered no decay. Specific 
gravity 3.2368. Sahlite barely marks glafs, and does not ftrike fire with the fteel, and is 
eafily broken. Its texture prefents ftraight and fmooth lamellae, thrice croffing each other 
in a fomewhat acote-angled direAion. The fragments of the crofs-fraAure are roundifli* 
Their form of aggregation is of the coarfe-grained kind, and fometimes, if the ftotie be in 
lumps or maflcs, they are hamated, or indented into each other. This ftone occurs in 
cryftals of reAangular, quadrilateral columns, the lateral edges of which are flightlf 
truncated, and convex* The broad terminating edges of thefe columns are (lightly truo* 
cated. The ftreak by rafure is white. This ftone is fomewhat foft and idio^ledric 
When rubbed upon a piece of the fame kind, it emits no odour, nor ihews any phofphotw 
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efcence. Before the Uow-pipe it i^ infufible. It is found in Sweden, in the Sah Hlver- 
mine in Weftermannland. I have likewifc difcovered it in Buoen, three quarters of a mile 
diftant from Anen, in Norwayj where it occurs in mafles, (Iraight and thick foliated^ 

IV- ICHTYOPHTALME. 

The chief colour yellowifh-white. Luftre like, mother-of-pearl, approaching to greafy. 
This folEi is tranfparent. It fpecific gravity is 2.491. It fcratches glafs and eaGly 
admits of being filed ; affording a white powder of a rough feel. Its own fubflance feels 
fmooth, but not very dry, and is as cold as quartz. It is very difEcult to pulverize it. 
Texture lamellar, of a more than triple croillng. When cryftallized the lamina; are 
large; but they are fmall when the fof&l is maflive, or exhibits a fplintery fraflure. The 
form of the cryftals cannot be determined, as they are very much concreted, and (Irongly 
cohere with each other. The fragments of the tranfverfe fra£ture are irregularly angular, 
in fome inftances orbicular with (harp edges. When firft a£ted on by heat upon the char- 
coal before the blow-pipe, it undergoes no change, not even with refpefl to its colour; 
but in the more violent fecohd heat the pointed edges run into a white enamel. With 
fulphate of lime (gypfum), the ichtyophtalme is infufible; on the contrary, it runs, when 
mixed with fluat of lime (fluor-fpar), into a femi-pellucid milk*white glafs, the fuiion being 
accompanied by a .little effervefcence. TIus foflll occurs at Uton, in Sweden, and confifts 
of (ilex and a little alumine, or argillaceous earth. 

V. COCCOLITE. 

As to colour, coccolite Is mountain, grafs, and olive-green. Its ludre is vitreous and 
refplendent. It is opaque, and its fpeciiic gravity is 3*316. It fcratches glafs, but excites 
only a few fparks with the fteel. Its ftreak is grey, or greyi(h-white ; its texture broad 
foliated, in which a (ingle eroding of the laminae is obfervable. It is an aggregate of large 
coarfe and iine grained, granular polyhedrons. Thefe grains appear in fome inftances to 
be ihort quadrilateral columns, (harpened at both ends, and having pyramidal termina- 
tions joined to, or fuperimpofed upon, the lateral furfaces. This (lone is infufible by 
itfelf. With carbonate of pot-afh it fufes with eficnrefcence, and fwells to a frotliy 
fcoriaceous glafs, of a dirty olive-gr<en colour ; and witlT borax it produces a pale«yellowi(b 
femi-pellucid glafs. It is met with in the iron-mines Hellefta and Aflebro, in Sudermann- 
land, as well as in Nerike, in Sweden^ and likewife in a beautiful form in the Arendal 
iron diftridts of Norway. 

VI. APHRIZITE. 

Colour black, fomcwhat greyifli. External luftre vitreous, inclining to the glofs of fat ; 
internally a little refplendent. Aphrizite is opaque. Its fpecific gravity is 3.1481. It 
gives fire with fteel, and cannot be filed ; is very brittle, and readily broken. Its. texture 
if compact. The crofs frafture is fmooth^ a little even« inclining to the flat conchoidal ; 
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and the fragments of it amorphous, yet angular and of Oiarp edges, Tlie crfftslt UB 
liexahedral, (hon and ihiclt columns, which fometimes, from the dilTerent truncatures of 
the edges, have the appearance of dodecagonal columns- Both fpecies are terminated m 
tecrahedral pyramids. This (lone is feebly idio>cle^iic, but not at all pyro-cle£lric. It 
intumefccs before the blow-pipe on the very fiill aflion of heat, frothing at ihe fame time, 
and yielding a greyifli or yellowiOi white glafs. With borax it efFervefccs, foaming (Irongly, 
and produces a greenlfh while pellucid glafs. It occurs at L.ingoe, a fmall ifland not far 
from Krageroc, in Norway. 

VII. ALLOC HROITE. 

Allochroite pofleflcs a yellow-grey, and, in fome inftanccs, a dark ftraw-yellow colour. 
It has little luftre of the vitieoos kind, which in the recent fiadure paflcs into that of war. 
It is opaque. Its fpecific gravity is 3-5754- It is juft fcratched by quartz, gives 6re with 
fleel, and is not eafily broken by the blow of the hammer. Its texture is compafl, and 
it is met with in large, thick ll.^ty plates, with a decayed yelJowilh-whitc furface. 
Fradlure uneven, of the fmall and perfect conchoidal kind. Fragments angular and in- 
determinate, not much Iharpened at the edges. It is infufible alone as well as with bont 
of foda (borax). When tieated with microcofmic fait (phofphate of foda and ammoaiacjp 
it exhibits an enamel-like, more or Icfs perfectly fufed furface, which, on gradual cooliogi 
fhews at (irft a reddiQi-yellow, then a green of differently deep tints, and at laft a dirtj 
yelJowiOi- white coiour. This change of colours feems to indicate fome metallic ingrediCDIfc 
The native place of this ftonc is the mine Witum, in the vicinity of Drammcn, ia 
Norway. 

Vlir. INDICOLITE. 
The colour of this ftonc is a dark indigo-blue, a liitle lighter in the fraflure, Co as to tn- 



e to the azure or Iky-blue. Its external ludre is vitreous in a high degree, approaching 
to the metallic fplendor. It is untranfparent, and not very heavy. Us fpcdfic gravity 
cannot be accurately afcertaincd, on account of the fmall cryftals bedded in it. Quartz is 
a Utile fcratchcd by it. It is eafily broken. The ftrcak is bin eifli- grey. It feels cold and 
dry like feld-fpar. Its texture appears to be compa£t ; but the longitudinal fiaflurc 13 
finely l\riated, and the crofs fracture foraewhat uneven, pafllng into the fmall conchoidal. 
Its cryllals are rhomboidai columns, much (triated lengthways. The fundamental farm of 
cryftallization feems to be quadrilateral i but for the moft part thefe cryftals are polyhedral, 
needle- (liaped and ftellular. It does not fufe before the blow-pipe- It is found near Uton, 
in Sweden. 

Note. This foflil refemblej in its colour the lazultte of FrofelTur Klaprotb, which I 
VnoW only by defcription : but as to its other phyfical and chemical cbaradere it diSen 
fiom it.. 

(Ta be camluded in our next.) 
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Experiments on the Conducing Power of Fluids with Regard to Heai.'^W. N. 



A 



MONG the papers prefented to the philofophical world fincethe commencement of 
the prefent Journali none occupy a higher rank than the experiments apd dedu£tions of 
Count Rumford on heat i whether we attend to their extenfive and important confequences^ 
or the powers of philofophical inveftigation they exhibit. One of the mod Cngular h&B 
he has noticed is the (lownefs with which heat is conducted through fluids \ a fa£t long ago 
pointed out and ftrikingly imprefled by him, and latterly rendered more remarkable by his 
inference, that bodies in the (late of fluidity have abfolutely no power of conducting heat 
from particle to particle, but convey it from one folid to another merely by their motions 
or currents. Whether this inference taken in the extreme of ftridnefs could be juftified' 
by his own, or indeed by any experiment, was doubted by myfelf as well as others ; but 
without treating the fubjed in that precife manner, it becomes a queftion of fome intereft 
and curiofity, to decide whether the dire£l conducing power of fluids be too minute to be 
afcertained by careful experiments more or lefs varied from thofe of the Count. Do£lor 
Thomfon, of Edinburgh, is, I believe, the firft who undertook and conducted a procefs of 
this kind, an account of which is given in his able paper in our laft volume, p. 529. I ^ 
need not here advert to the particulars of that memoir, farther than to remark, that in the 
difcuflion of this fubjedl in converfation by fome philofophical friends who meet weekly at 
my houfe, our conGderation was more particularly dire£led to the argument which is drawn 
at p. 534, in favour of the condenGng power of fluids from the Count's own experiments. 
It is there obferved. that when ice was flowly melted by boiling hot water (landing over it, 
with the interpoHtion of a thin (Iratum of ice-cold water, there were undoubtedly currents- 
produced through this lad (Iratum, becanfe water becomes denfer either by receiving or ' 
Io(ing heat till it arrives at 40^ ; but it is contended, that the heat which pafled to the cold 
water in this procefs mud have been condu£led from particle to panicle, and not conveyed 
by currents of the fuperior water ; and farther, that the regular diminution of the numbers 
expre(Gng the temperatures of the (Irata of water from the furface downwards, is incon- 
fident with the fuppoHtion of fuch currents, which it (hould feem ought to produce a. 
mixture of the fluid. 

It appeared to us, that the principal quedion in this cafe was^ whether or not the whole 
conveyance of the heat were tffcOcd by the mediation of the vcfTel or folid ; which it ought 
to be if the folid be the only proper and perfcfl condu£lor prefent ? That k to fay, if heat 
be aj)pjied to the furface of a fluid, and the cWe€t of that heat be to produce rarefadlion, it 
mud inevitably follow, .in this Gmple datement of the cafe, that no heat would pafs below 
the range of particles at the very furface where the heat was applied, unlefs the fluid itfelf ; 
were properly and dridtly a conductor*. 
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But as the cafe U not fo fimple, but muft nccefTatUy incluite ihe vefTol, or foMA coating of 
the fluid mnfs, tbe confequcnces will be ditTcirat. If tlie fluid be capable of receiving and 
giving heat only from and to folids, wc muft conlemplale the heated parts as rarefied, (ihac 
is to fay incrcafed in bulk) and gonfetjucntly diffufing ihemrdves laterally over the reft of 
the furface ; as comiitg into coiitaft with and heating the vellel ; as urged to defcend at the 
circumference by ihe fucceiTive arrival of other more heated particles, and coafe<]ucntIy 
converging again beneath, and afcending near the center : we muft confider the folid fide 
as conducting the heat Oil] farther down ; and there cauftng an afcending current to jola 
its water to the converging ftreams above. So that the water may be confidered as receiv- 
ing heat from a folid in coma£t with its furface near the center ; giving it again to a folid 
3C its circumference ; and this la ft folid in its turn Iienting another ftraium of water be- 
neath- As the veflcl QiouKl become heated in a greater diftance downwards, the elTeH 
would be more perceptible to a greater depth in the fluid ■, and from the want of comtnu- 
tiication between the panicles amung each other, the afcents and convergences might have 
different velocities, according to the tcrpcratures at the feverat depths, and prefcrvc dif- 
ferent temperatures in the fcvcral ftrata regularly increaljng according to the advancement 
of the operation. 

"We ilioaght it probable, as the pafTjge of heat downwards is very flow, that thefc cur- 
rents, if they exift, might alfo be fo flow that dilTcrcnC tcmpcratuies might be found at one 
and the fame time in the fame ftratum; and we fuppnfed the experiment would be more 
conclufive, if the heating folid were made to cover the whole furface of the fluid, and to 
reft upon the veffcl itfelf. For in this arrangement, as the upper edge of the veflel would 
be ag hot as the furface of the fluid, we concluded that there could be no divergence, but 
that a Gmple afcending current would be produced near the fides, with a defccnding one 
near the axis of the velTd. We chofe a vcftel of wood, as the worft conductor wc could 
make, " for obvious reafons. 

Plate X reprefcnts the apparatus, AB is a ftagc for philofaphical CKperimeatS contrived 
■by Profcflbr S'Gravefande, C is a cylindrical vefTct of mahogany of the following dimen- 
Gonsi ouifide diameter 4.75 inches, outflde height 2.75 inches, inlide diameter 3-5 inches, 
infide depth 2.0 inches. In the upper edge, which was confequenily 0.625 inches tluclc) 
there was a cylindrical excavation to the depth of 0, 1 inches, and of the diameter of 4.5 
inches. In the bottom of this vcffel were fixed with fcaling wax, two thermometers L and 
M, the one in the axis, and the other about 0.2 inches from the infide furface, and the 
bulb of each (tood 0.75 inches higher than the inner furface, or bottom of the veiTel ; con' 
fequently the clear depth of the vcfTel from tbe upper edge to the thermometer, was 1,2 j 

* A eylirnier of gfnft I inch in diiraeicr, and (l.^i inchei thick, was placed on ihe lioiitontil cover rf 
a velTel containing ««er kept brilingby a lamp, mn! a like cylinder of light dry niahoginywaiplsetd bcfide - 
it at the fame inlhnt. A very minute cone of tallow dnod on the centci of each piece. Thai upun the 
Clifs fell down by fuHon in one minute j that upon the w.^idin two. This melliud is much marc accurate 
than that o( Franklin with long rods defcribcd in Dr. In^enliousi's Effsys. 

inches. 
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Inches, A plate of fteel I, four Inches in'diameteri and 0.3 inches thick, was ufed as the 
coyer for the veflel ; the remaining half inch of the excavation being left to receive the 
fluid, which would rife bf expanfion when heated, D is a tin veflel, of which the dlmen- 
fions may be fufficiently known from the figure. It has a loofe cover or valve at £, and is 
clofe4 every where elfe. At H a branch proceeds, which ends in a cylinder F ; and at G 
is a fcreen, to prevent the heat of the lamp K from afFe£ling C; in addition to which, 
during the experiment, there was placed a pafteboard fcreen upon the (lage near the letter 
K. It will now be eafily feen that when the veflH C was corre£tly filled (except the ex- 
cavation at top) with any fluid, and the fteel cover laid in contact with the furface, and the 
veflel D partly filled with boiling water, and then placed in its fituation here (hewn, 
and, laftly, the fpirit lamp K placed beneath the outer end of the branch H, — the tem- 
perature of 212^ would bt conftantly applied to the fteel, and the furface of the fluid ac« 
cordingly heated. Whence if any heat proceeded downwards, it would be ihewn by the 
thermometers ; and if flow currents of different temperatures prevailed fo as to produce the 
variation before ftated, thefe thermometers would differ. It was thought that fuch a dif- 
ference would prove the exiftence of currents, and the probability that the wooden veflel 
was the chief agent of the condud ; but it was not (b clearly admitted that their agreement 
wodd prove the contrary pofition. • 

Brevity prevents my relating our arguments and views, and the nature of unpremeditated 
converfation, as well as other motives, forbid me the honour of mentioning the names of 
the philofophers to whom I refer in this diicourfe. I (hall likewife, for the fake of con- 
cifenefs, omit feveral experiments which were made with other apparatus of lefs fimplicity, 
or leading to the fame fafls. One, however, with water I may curforily notice. It was 
made in a glafs veflel, with a cork bottons, nearly of the dimenfions of the wooden veflel 
here defcribed. During the time the boiling veflel £ was kept in conta£l with tho furface 
of the water, minute bubbles afcended flowly from the feveral parts of the water, which 
appeared to indicate that there was no perceptible current. A quantity of elaftic fluid in 
bubbles occupied the furface of the liquid, and prevented its conta£k with the veflel. The 
thermometers were raifed confiderably, but flowly, as was the cafe in many other ex- 
periments with water; but as thefe require to be repeated, I omit the refults. 

Several trials were made with mercury and the apparatus in the Plate*. The following 
was made with much care : 

Pure diftillcd mercury was put into the veflTel, and left undifturbed, with the fteel cover 
upon it, for upwards of an hour. The veflel D was then partly filled with boiling water,, 
and carefully placed on the fteel cover, and the lamp K lighted. This was at ihirty-two 
minutes paft eight. The conclufion of the experiment was effedlcd by lifting off" the veflel 
P by the hand covered with a glove*. 
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Another wooden veflel, exadlly of the fame dimenfions, and fitting; up> was then filled 
iwith olive oil, and left with its fteel cover on for a fhort time, and then the boiler and 
the lamp were placed. It is to be obferved, that the lamp was very fuf&cient to keep the 
water rapidly boiling over the water in the glafs veiTel ; that it boiled but moderately over 
the mercury ; and with much noife and tremulous a£^ion over the 'oil. Thisi and the dif- 
ference of tln^e employed in heating the different fluidsi mufl fliew either a difference of 
facility in circulation^ or in receiving and giving, or in abfolute condu£iing power in 
equal bulks. The mercury, it is feen, required feven minutes to raife the middle ther- 
mometer through twenty-one degrees, from 77^ to 98° ; but the oil required thirty-four 
fninutes^ or was nearly five times as long in conducting or conveying the fame heat. 
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While this experiment was making, another boiler was kept in aAion upon a glafs 
cylindrical veflel filled with olive oil. An obferver carefully noticed the fmall opaque par- 
ticles fufpended in the fluids but he could percceive no current during the continuance 
of thirty minutes* 
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ARTICLE I. 

StHH AdtHtanal OhfervaAmt on Hydroearbonatext and the Gaftom Oxide ff CatUm. Mf 

Wm. CaUJCKSBAtlKf Waolwd), 



I 



N a former paper on this fubje6l the principal obje^i I had in Tiew was to point on^j as 
briefly as poflible^ the difierence between the common hydrocarbonates and the gafeous 
oxide of carhbn ; and to {hew that the latter, hitherto unknown, forms an intermediate 
fubftance between the pure hydrocarbonates and carbonic acid^ but not being poflcfied of 
acid properties, was therefore to be confidered as a true oxide. I likewife endeavoured to 
prove that the prefence of water was not efllential to the produ£^ion of this gas, but that 
it confifted Gmply of oxigen and carbon in the proportion of nearly two to one. From 
thefe iadls I inferred that there could no longer be any difficulty in accounting, on the 
principles of the modem chemiftry, for the inflammable gas generated ^n diftiUing a mix*. 
ture of charcoal with any of the metallic oxides, or in expoiing to a (Irong red'hc-at a 
mistnte of the carbonates of lime or barites, and ircm filings, &c. For in the firll inftance 
the gas was formed by the union of the oxigen of the calx with the carbt^n, in conftquence 
of which the metal was revived \ and in the fecond cafe the carbonic acid itfelf was decom* 
pofed, being deprived of part of its oxigen by the metal, which th<:reby became to a ccnalh' 
degree oxidated. 

Vol. v.— September i8ox, D d In 



ao2 ' Mditlonal Ohfirvatlom on HyJroearbonatej. 

In the courfe of experiments from which thefe concluGons were drawn, a number of 
curious fa£td with regard to the dilFereht hydrocarbonates, as well as the gafeous oxide* 
occurred; but thefe not being fo immediately connected with the iK)int8 to be afcertained, 
were, for the fake of brevity, omitted; I fliall now, therefore, enumerate feme of the 
more remarkable, as well as adduce feveral additional proofs of the nature and compofition 
of the gafeous oxide of carbon. 

The eflFe£ls of the oxigenated muriatic acid upon thefe, and indeed upon all inflammable 
gafes, are worthy of attention. If the pure oxigenated muriatic acid, in the forni of gas, be 
mixed in certain proportions with any of thefe inflammable gafes, and introduced into a 
bottle filled with and inverted over water, although no immediate a£lion may be at firft 
perceptible, yet in twenty-four hours a complete decdmpofition and' change of prihcipks 
will be found to have taken place, the products varying according to the nature of the in- 
flammable gas employed, as will appear from the following experiments. 

I introduced into a phial (with a glafs ftopper) filled with and inverted over water, one- 
meafure of pure hidrogen, and afterwards two meafures of very pure oxigenated muriatic 
acid gas ;• thefe nearly filled the bottle; the ftopper "was then introduced very tight under 
water. Before the ftopper was introduced, a whitifh cloud appeared in the mixture, but 
very little or no diminution could be perceived. The neck of the bottle being immerfed 
under water, was fuflTered to remain for twenty-four hours. At the end of this period the 
water had rifen a little in the bottle, owing to the imperfe£lion of the ftopper ; but when- 
this was withdrawn, the whole gas inftantly difappeared, except ^bout one-tenth of a- 
meafure, which was found to be azote, and muft have originally been contained in the 
Mo meafures of oxigenated muriatic acid gas. In this cafe. the pfodu£l'» were manifeftl^ 
common muiiatic acid and water ; for the water in the phia) contained common muriatic 
acid, but did not in the leaft fmell of the oxigenated. This experiment was repeated witk 
the fame refults, except tha^the reEduary g^, oii the admiflion of water, was rather lefs.. 
This fa£t furniflies us with an eafy method of afcertaining thopiurity of hidrogen- gas 
in moft cafes, and even when it may be mixed with other inflammable gafes, aswill pre- 
fentfy appear.^ 

I next tried the efieAs of (his gas upon the pure hydrocarbonates. Eor this purpoft I 
introduced into a bottle, filled with and inverted over water, one meafure of- pure hydro- 
carbonate (from camphor) well waflied, mixed with two meafures of the oxigenated 
muriatic acid gas. On the firft contafk of the oxigenated gas, a white cloud, and 
fome diminution, was perceived ; but this foon ceafed; the ftopper was then introduced^ 
and the bottle fuflfered to remain inverted in water for twenty-four hours. At the end of 
this peridd the ftopper was- withdrawn under water, when the fluid inftantly rofci and the 

* This gas was alM^ys obtained by adding tht commoD nuriatic acid to tbe oxigenated muriate of pot- 
afb* It fliould never be kept long before it is employed, at it very foon lofet part of its oxigcn, aad beccinet 
decompofed. 
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gas occupied only .43 parts of a meafure, or a diminution of 2.57 meafures had taken 
place. This reGduary gas being agitated with lime water, .09 parts more were abforbed, 
evidently carbonic acid gas. The wafhed refiduum was inflammable^ and burned, with a 
blue lambent flame, exactly fimilar to the gafeous oxides, but very diflFerent from that of 
the original hydrocarbonate. 

This experiment was repeated with nearly the fame rcfults. 

In this inftance, however, the gas had been recently obtained from camphor, which I 
fiavc always found made a confiderable diflFcrence in the proportions of the produfts.* On 
the-addition of the oxigenated muriatic acid gas to the hydrocarbonate, a diminution of x\o 
lefs than three-fourths of a meafure immediately took place, and after (landing for twenty* 
four hours, the water, on withdrawing the Hopper, rofe fo high, that the remaining gas 
occupied the fpace of not more than .54 parts of a meafure; hence the whole diminution 
mjuft have been 2.46 meafures. This reGduary gas contained one-Gfth of its bulk of car- 
bonic acid, the remainder being inflammable. Two fmall meafures of this inflammable 
gas, fired with two meafures of oxigen in a jar, over mercury, were reduced to 2.jf 
meafures; of this 1.7 were carbonic acid, and the remaining .8 or .9 oxigen gas; for it 
' required very nearly two meafures of nitrous gas to faturate them. 

Hence we perceive that two meafures of this gas, combined with about one of oxigen, 
produced no lefs thati 1.7 meafures of carbonic acid ; a circumftance which proves it to 
have been the gafeous oxide of carbon. 

Being determined to vary the experiments as much as poflUble, to prevent any miftsdce or 
overfight ; I introduced into a bottle, filled with and inverted over mercury, two meafures 
of hydrocarbonate from aether, and immediately after four meafures of the oxigenated 
muriatic acid gas. Thefe completely filled the bottle, which was (topped to prevent the 
acid gas from afting upon the mercury ; its neck was then plunged under mercury, and 
kept down by a weight placed upon it* 

After (landing for twenty-four hours, the ftopper was withdrawn under mercury, which 
indantly rofe and filled two-thirds of the bottle ; there was a little moifture depoGted on its 
fides, which probably abforbed the whole of the common muriatic acid gas produced* 
Linie water in excefs being now added, one*third was found to be carbonic acid, and the 
remainder inflammable. 

♦ It might be fuppofcd that this difference arifes from the abforpUon of carbonic acid gas 5 but this is by 
no means the cafe, for the proportion of this gas in the hydrocarbonates from aether, or camphor, is exceed- 
ingly fniall, never Exceeding one-tenth, and frequently much lefs. Seiides, I found, from dirc£l experi- 
nentj that the unwaihed hydrocarbonate required more oxigen to faturate it, than the waihed, the reverie of 
which (hoQld have been the cafe, had the difference depended upon carbonic acid. This variation in the 
xt&a\XMXOSf\^ thus ftatpd :— One meafure of unwaflied hydrocarbonate requires 1.9 ot oxigen to faturate it, 
tbe'produ^ls being water, and 1.4 meafures of carbonic acid. But one meafure of the waflied gas requires 
only 1.65 meafures of oxigen, and produces about 1.15 meafures of carbonic acid with water. 

It appears to roe, therefore, that fomething like a vapour diffufed through the gas, which may be feparated 
tj-walhingy or depofited on ftandiug, muft be the caufe of this change in their properties* 

V . D d a Two 
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Two fmall meaftires* of tht8 ^(bed g^y fired ov«s mercurf wicfi one oC o^igaif wer« 
reduced te 1.6 meafures; tbe whole of which was c^rboiuG acid^.e3(cept ooo-foorth. of a 
ffieafure which contained oaugen^ with a littte azote. 

This experiment, theveforei as well as die formes, after nuduog a dedufbiion for the 
azotic gas» clearly (hews that the refiduary inflammable gas muft have been the gjUeous 
oxide of carbon. . . 

The refults obtained in all thefe experiments with the pure hydrocarbpnates and 
otigenated martatie acid gas, are very eafily underftood ; for it is evident that the oxi* 
genated acid mud give out its excefs of oxigen to the carbon and hidrogen of the inflam* 
mable gas from a Aiperior affinity ; in conrequence of which we have no lefs than four new 
compoands, via. common muriatic acid, water, carbonic acid, and the gafeooa oxidt of 
carbon. Thus, then, we fee that the gafeous oxide may be obtained without the aid of 
metalsi their calces, or even the carbonic acid ; and this fimple mode of formatioo sippears 
to me to demonftrate its. nature and conflituent principles beyond all poffibiUty of doubt* 
This will be ftill further confirmed by the following experiment : 

One meafure of hydrocarbonate from camphor, mixed with 3.8 meafurcs of oxigenated 
muriatic acid gas, were introduced into a bottle, which they completely fiiled^ this' was 
clofely flopped, and inverted over mercury. After ftanding for twenty-ibuf houtt, the 
ftepper was withdra-wa under -the mercury, which in confequence immediately afcended 
andx>ccupied two-thirds of the bottle^ The gas a£led upon the furface of the mettl, and 
retsHrtied a Kttle of its natural greeniih yellow colour ; it was not, therefore, entirely de- 
compofed. A little diftilled water being introduced, a further abforption took place, and 
die refiduary gas, amounting only to .8 of a meafure, was entirely abforbed by lime water, 
except a bubble, too fmall to examine, or even to eftimate. Now, by comparing this with 
the former experiments, we perceive that when one part of the inflammable gas is mixed 
with only two of the oxigenated muriatic acid gas, we have both' carbpnic acid and gafeous 
•sjde formed, becaufe the excefs of oxigen in the oxigenated acid is not (bfEcient to con- 
vert the whole into carbonic acid ; but when one part of the inflaonnable is mixed with 
nearly four of the oxigenated, then the whole is converted into carbonic acid and water, the 
excefs of oxigen being fuffieitnt for this purpoie. The pvoportion of oxigen in the gafeous 
oxide may likewife be eftimated from thefe experiments. 

The effe£ls of the oxigenated muriatic acid on tbe other hydrocarbonates, were very 
nearly (imilar. 

When firft mixed, % imall diminution in moft inftances took place, but aftex ftanding 
for twenty«four hours, the oxigenated acid was completely decompoled, in confeiyuence of 
which the hydrocarbonate was converted into water and carbenic acid gas» and thefe le* 
mained only a very fmalt proportion of inflawMMbie gas, which had adl the prbpevtiee of Ae 
gafeeos oside* 

• Tw« kiikls of meaikns were enylbfed i» tlHfc «f^^ lfe» essiltass if the hK^mmhmgiif, 
times that of the fmall. 

Being 



Being snxiotis to fee die efibA. oi this giis -on- the. gafeout wide itfeif, I mixed two 
meafures of this oxigenated gas with two of the gafeoos oxides well waflied, and intxoduced 
them as afual into a bottle inverted over water* After ftanding for twent^fouc hourSi the 
ftopper was withdrawn, and the water inftandy rofe fe high,, that the. lemaining gas 
occupied the fpace of only i.ft raeafiues, or a diminution of a. 2 had taken place* This» 
when agitated with lime water, was further reduced to x^ of a meafure, tod the refiduary 
gas was-ftill flightly inflammablf* 

This experiment was repeated with oiily this vartatiooi that the bottle was completely 
filled, and had its neck plunged under mercury : the proportions of the gaies were two 
meafures gaieoos oxide, to 27 me^ures oxidated muriatic acid gas* After remainiog for 
tweDty*four hours, the ftopper was withdrawn under watef, when the fluid inftantly roic. 
and occupied two« thirds of the bottle. This refiduum being agitated with lime water» the 
whole was abforbed, except ono-iiith of a meafure, which was found to be azote* Henct 
.we perceive that any quantity of gafeoos oxide may be converted into carbonic acid by 
mixing it with the oxigenated muriatic acid gas, juft as the oxide of azote or nitrous gsis art 
converted into nitrous acid by the fame naeans. 

Thece is aoother gafeous fubftance, ornther vaponri which is powerfully z€tt)i itpoii by • 
this foper<rosigenatcd gasy viz. the vsq>our of aether } if we fill a bottle of the capacity of 
shree or four pintt with, the puse. oxigenated^ muriatic acid gas,, taking care to expel the 
water as completely as poffiUe, and. then throw into it about a drachm or half a drachm of 
good aether, covering its mouth immediately with a piece of light wood or paper ; in a 
fiew feconds white vapour will be perceived moving circularly in the bottk \ this will be Cooa 
followed by am explofion,. accompanied with flame; at the fame timeavery confiderable 
quantity, of carbon wilt be depo&ied^ and the. bottle will be found to contain cacbooic acid 
gas** 

If we employ alcohol inftead of aether, a fimilareSeffc will be fometimes peoditoed^ but 
more time is neceffiiry, .and along with the charcoal and carbonic acid there is likewife a . 
little aether farmed. 

We fhall next confider the efie£b produced 00 tliefe ioflammabk gafes, by mixing them <' 
with the ojugenated nMiriatic gasy aad fetting five to the mixnirc by the elcAnc fpark. la 

* Dr. I^rieftleyixras theiirft wko difcoyered that lether, agitated with any fpecies of gas, greatly increaied its 
voTvme, and in moft cafes doubled it- He likewife foiifnd that although this vapour was not condeniible by 
the ordinary degreti of cold, yet watvr readify abibrbed it. Having agitated fi>me ovtgtn gas with a little . 
aether, I found that its bulk «rat cxaftly doubled. In^ this ftate the gas does not explodr, but if one pact of « 
^Us o^isture be added to* th«ae parts oluxigen, sa iffiited body, •r tb*cle6brk fpark, thea produces s dread- 
ful explpfion, the produ&s of whtcK i have foiv>d ta be water, with 2} |»rt8L of carbonic acid gai(. Hence it 
would appear that one part of this, vapour requires about feven of oxigento laturate it, or more correAly 6.8 . 
the produ^s being water, wi^h 4*6 parts carboinic acidi According to thii 'experiment. the proportion of . 
' carbon to hidrogen in the vapour of xther, or aether itielf, (Ikoutd be ai 5 to 1 nearly } and in alcohsl, from 
fimilar trialf , itsjipcflrcd to>bcat8-or9 tol. 

many • 
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many of thefe triali the refults difi^red more from the former, where miztuf'e alone was 
employed, than could a priori have been fuppofed, as will appear from what foHowi. 

Three meafures of purehidrogen were introdoced into a ftrong glafs jar «oTer mercurff 
and four meafures of the ox. muriatic acid gas added, the elediric ^ark Was immediatelfr^ 
paflcd through the mixture^ to prevent, as far as poi&ble, the abforption of the gas by the 
mercury ; after the 'cxplofion, which was feeble, ^the gas occupied the fpace of .75 of m 
meafure : water being admitted the mercury dill rofe higher, fo that there remained only .a 
ef a meafure. Finding that in this experiment the oxigenated igas was in cxcefs, the pro- 
portions were varied a^ follows : 

Four meafures of pure hydrogenous gas were fired with four of the ox. muriatic gas ; 
the rcfidttum amounted only to half a meafure, but this contained hidrogeo. Hence bf 
comparing thefe experiments together, it would appear that three meafures of hydrogenous 
require three and a half of oxigenated muriatic acid gas to faturate them ; the produ&s 
being water and common muriatic acid. From the fame experiments we can likewife 
deduce the exceis of oxigen in the oxigenated muriatic acid, or the proportion of oxigen 
necefiary to convert the common muriatic acid into the oxigenated ; for according to the 
above proportions, two parts of hidrogen gas require 2.3 of the oxigenated to faturate 
them \ now two parts of iiidrogen require exa£lly one of oxigen (eftimating by volume) to 
produce the fame tScGt. Hence every 2.3 parts of die px. muriatic acid contain one. 
part of oxigen, or about half its bulk more than the fame muriatic radical when in the 
form of common muriatic acid gas ; this faA may be found ufeful in many chemical invef* 
tigations where the fupep-oxigenated acid is employed. In this way too we have a ready 
way of determining the purity of the hidrogen, for if thefe gafes perfe£lly pure, be fired 
together over mercury in the above proportions, the whole will difappear; but if the 
hidrogen {hould be contaminated with azote, or fome inflammable gas, there will then be 
a refiduum confifting either of azote, or carbonic acid gas, or both. 

The next experiments were made with the pure hydrocarbonates. Here I found, when 
two parts of pure hydrocarbonate, recently procured from camphor, were fired over mer* 
cury by the ele£lric fpark, with four of the ox. muriatic acid, that a great diminution^ 
accompanied with a confiderablf depofition of charcoal took place ; the refiduary gas gene^. 
rally amounted to i^a or 1.5 meafures, and of this lime water abforbed about i. or i»z 
meafures, the remainder being inflammable. In this inftance the hydrocarbonate did not 
yield above half the proportion of carbonic acid which it ought to have done, but this is 
fufficiently accounted for, from the copious depofition of charcoal. 

When hydrocarbonate from sether was employed* the refults were very nearly the fame> 
and charcoal was more generally depoCted. Finding that in thefe propbrtions the quantity 
of oxigen contained in the ox. muriatic gas was infufficient to faturate the carbon anjl 
Iiidrogen of the hydrocarbonates, I next fired one meafure of the latter with four of the 
iormerj after the exploGon, the gas ftood at tyfo meafures; a very little diftilled 

water 
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Viter being added} the mercury rofe to 1.6, and linde water. abCMrbe4 ihr. whole of the 
remainder, except .2 of a meafure which was inflammabk. 

In another experiment, no lefs than five meafures of^theoxigenated gta were mixed with 
one of the hydrocarbonate, but dill at the end of the proceft there remained a very fmail 
proportion of inQammable gas, and the whole of the oxigenated was not decompofed. In 
thefe inflan^esy where we ufe but a fmall proportion of the hydrocarbonate, the explofion 
is very feeble, and there is feldom or never any depofition of charcoali in coniequence of 
which there is a more copious production of carbonic acid gas, as may be readily feen by 
comparing the experiments together. Indeed in the laft one, the fame proportion of car« 
bonic acid was obtained, as if the gas had been exploded or (aturated with oxigen ; for one 
meafure. of pare hydrocarbonate requirea very nearly two meafuresof oxigen to fatarate it 
the produds being water, and 1.3 or 1.4 meafures carbonic acid gas. Now in the expe- 
riment with the oxigenated gas, one meafure of the hydrocarbonate fired with five of this 
gas, produced juft 1.3 meafures carbonic acid, with water, &c. indeed fince five meafures 
of the ox. muriatic acid gas contain an excefs of oxigen equivalent to two meafures, or a 
yerv little more, thisrefult ought to haye.been expeC^ed. 

There was nothing very remarkable obferved in exploding the impure hydrocarbonates 
vith this gas s all of them yielded carbonic acid gas and water, but in none of them did' 
I-. perceive any fenfible depofition of charcoal, except once from the gas obtained from the 
decompofition of alcohol. Indeed the pure hydrocarbonates themfelves, id a great meafarct 
lofe this property after having been waflied, or kept over water for ibme time; that from- 
sether retains it the longeft. Several attempts were made at different times to explode 
mixtures of the ox. muriatic acid gas, and the gafeous oxide of carbon, but without' 
fuccefSa Qn paffing the fpark a little whitifh vapour was perceived round the^ metallic, 
points, but this was not accompanied by any detonation, and even after a number^ 
of ftfong fparks had been taken in this way, it was found on the admiiSoo of lime watert 
which immediately took up the oxigenated gas, that the gafeous oxide had undergone no 
fenfible dimkiution or change. This gircumftance was rather unexpected -, it furniflies uh' 
however, with at leaft: one criterion for diiUnguiihing this from other inflammable gafes. . 
: On conrparing the above experiments, with the refults^ obtained from firing the hydro*, 
carbonates with different proportions of oxigen, fome obfervations not unworthy of atten*. 
tion may be made. We know that when any of the pure hydrocarbonates arc fired with a . 
fmall proportion of oxigen, a little carbonic acid, is produced, jind the whole volume of. 
gas inftead of being diminifhed is confiderably increafed; this increafed gas contains ao- 
difengaged oxigen, but is neverthelefs very diferont from the original hydrocarbonate, re« 
quiring only bulk for bulk, about one fourth of the quandty of oxigep to fatiirate it ^ \ 110 
charcoal is ever difengaged. But when we ^icplodc the (ame hydrocarbonate with about, 
twice its bulk of the ox. muriaJtig acid.gas, we have .a great diminution, . accomp^ied • 

* It does not appear to be gafeous oxide^ which I believe cannot be produced this way« 

with 
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widi die fcpantioa of much diat coal, and only a fmall pr o portion of 

nerafod} the remaining gast which is inflammablet and in faaU qoantkj^ a pp ca i a to he 

gaiecms oxide. Thos rliea we find, chat bf combining the fame ■M^-'-'^ Jf 

cqiul qnaniitiet of oxigen onder difierent circuoiftances or oombinatioBs^ vciy 

tBk€i% may be prodoced. 

On a former occafion I remarked, that from the great facility with whidi dhe 
acid was decompoied, idien a miatore of clear iron filings and chalk were heated d 
ia a rerorf t it wonld appear that this acid at a high temperatnre might be decompofedt at 
leaft partialty, by any fobftance which had a confiderable affinity for ozigen ; and that thb 
was the only method of obtaining the gafeons oxide in a (late of purity. As this is s 
drcomftanoe of confiderable importance, the following experiments arc given in fvrthcr 
confirmation of it : ^ 

About an ounce of chalk, which had been preriotilly expofed for about ten nunutes to 
a low red heat, was mixed with an ounce of very bright zinc filings, thefe were introdnoeA' 
into a coated glafs retort, and expofed to a heat gradually increafed. A little caibonic 
came over at firft, but this was fooo mixed with a large proportion of the gafeous 
and by the time the contents of the retort were thoroughly red, nothing but pure in 
mable gas was difengaged, and in prodigious <]uantity« It would have been troufclefbaM^ 
aiyl in faA unneceflat y, to have collc^led the whole, but portions of it were ezamiaed at 
different periods of the procefs, and found to continue perfedly pure, and without mf 
fenfible mixture of carbonic acid gas. Indeed » before i made this experiment, I hardlf 
conceived it poffible, dial fo 'complete a decompoGtion could be obtained in fo finsple n 
way. Before the gas had intirely ceafed to come over, the retort was removed, and ita 
contents examined. In the neck of the retort there was found a quantity of the oxide of 
zinc in the form of flowers, lining its furface to a confiderable extent : a Kttle below thii^ 
and clofe to the belly of the retort, there adhered a little metallic zinc which had fublimedt 
but was very much tamiftied \ what remained in the belly confided of the zinc deftituf e rf 
all metallic la Are, and mixed mth an imperfeA lime. The pieces of zmc, or rather onidc^ 
crumbled between the fingers into a greyifli powder, and feemed to have intirely loft tiieitr 
tenacity. It is unneceflary to add, that the gas obtained was found when fired with 
oxigen, &c. to have all the properties of the pureft gafeous oxide of carbon. The above 
experiment (hews in the moft fatisfadory manner, how the oxigen abftra^d from the 
carbonic acid is difpofed of, for in the procefles with the iron filings this was not fo mamfeft 
as might have been expeded. 

A mixture of very dry chalk and clean filings of tin were next expofed to heat ifi 
a coated glafs retort; the firft prodtt£ls colle£)fed confiAed of cari>onic acid gai, and 
the gafeous oxide in the proportion of 5. to 6. ITie fecond or middle portion con- 
tained two thirds of its bulk of gafeous oxide, and what came tntt afterwarda 
confided of one part carbonic acid, and three parts gafeous oxide. The quantity in all 
amounted to fcveral gallons. After die prbceft the tin was found pattly dlidated, and 
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pairtlf diffufed tKrpugh the chalk in fmall metallic globules. The decompofition of the acid . 
ih this experiment was very imperfefl, when compared with that in the former^ owing no 
doubt to the different affinities of the metals for oxigen. 

Although there could be no doubt, that in all thcfc procefles with the carbonate of lime 
and (he metals, the carbonic acid mud have been decompofedin its nafcent date, yet I 
conceived that it might give ftill an additional fatisfa£^ion to (hew, that the fame fubftance 
may be readily decompofed even when in the (late of gas. This was accompliihed in two 
ways. 

Into a (lra;ght iron retort with a cylindrical belly, a quantity of dry and very pure fand 
was introduced, and above this a ftratum of chalk which had been very carefully dried; 
more fand was then introduced, and rammed down, until it fi]led up no lefs than three 
inches of the cavity above the chalk, and upon this was placed a quantity of very clean iron 
filings, the whole occupying about two thirds of the belly. The retort was then fixed in 
a furnace, and made red hot as foon as pofhble ; the firft gas which came over was chiefly 
carbonic acid ; the fecond portion amounting to a gallon, confiilcd of carbonic acid gas 
one part, and gafeous oxide three parts ; Aie third portion being upwards of two gallo^is by 
meafure, confided of carbonic acid two parts, and gafeous oxide feven parts ; and the lad 
portions examined, contained a fomewhat greater proportion of carbonic acid gas. The 
gafeous oxide was found to be of the pured kind. In this experiment the carbonic acid 
was not brought into contact with the iron in its nafcent date, but after it had afiumed its 
gafeous form, and pafled through a quantity of fand. The iron filings too being unmixed 
with the chalk, fliewed evident marks of oxidation^ a confiderable portion of them being 
converted into the date of grey oxide. 

The other method by which I decompofed this acid in its gafeous form, was by making 
it pafs through a red hot iron tube filled with iron wires. In this experiment, a bladder 
mounted with a dop cock, and containing a quantity of carbonic acid gas, was attached 
to one end of the tube, fo as to be air tight at the joining ; the tube was then pafled through 
a portable furnace, and an empty bladder mounted in the fame manner fixed to its other 
extremity; heat was then applied to the middle of the tube until it became red, taking 
care at the fame time to keep its extremities cold, by means of wet cloths wrapped round 
them. When the tube was fufficiently hot, the gas was made to pafs flowly through it 
from the full bladder to the empty one, and then back again from the latter to the former. 
This was repeated ten times, when a little of the gas left in one of the bladders was exa- 
mined, which by means of the dop cocks could be managed at pleafure. This gas was 
found to confid of one part inflammable gas, and two parts carbonic acid \ the bladder 
was then re-applied, and the gas forced backwards and forwards ten times as before ; oa 
re-examination it was now found to confid of inflammable gas, and carbonic acid gas in the 
proportion of 1 1 to 5 ; but by continuing the procefs a little longer^ no lefs than three 
fourths of the original carbonic acid gas was converted into an inflammable gas, and which 
on examination was found to be the true gafeous oxide of carbon \ the wires after the 
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tube had cooled were esamined, and found covered in fereral places with a beautiful fliininf 
craft of grey oxide, which readily crumbled and fell off on bending the wire. The car- 
bonic acid employed in this experiment was procured from carbonate of foda by means of 
the dilute fulphuric acid* and amounted to 64 ounce meafures ; during the procefs very 
little diminution or increafe of bulk could be perceived, which is readily accounted for* 
from the very trifling diminution the gafeous oxide undergoes when converted into carbonic 
acid gas. 

From the various fafli which have been now enumerated, added to thofe already 
known, there can .po longer remain any doubt; that the carbonic acid, under certain ele- 
vations of temperature, may be readily decompofed by any fixed fubftance, having a con- 
fiderable affinity for oxigen ; and that with regard to the metals, thofe fucceed the bed 
which have the greateft attra&ion for acids or oxigen, as is remarkably exemplified in zinc 
Upon the whole then I think we may conclude, that there are but two diftin£l combina*' 
tions of carbon and oxigen capable of affuming and maintaining the form of gas ; for al* 
though the gafeous oxide may be obtained in a great variety of ways by dire£l compofition^ 
as well as the decompofition of the carbonic acFd, yet when pure it is exa£ily the fame 
fubftance, having the fame fpeciiic gravity, requiring the fame quantity of oxigen to fatu* 
vate it, and producing uniformly the fame proportion of carbonic acid. I remarked indeed 
formerly, that the gas obtained from charcoal (however well dried) mixed with, the me- 
tallic oxides, always yielded a little water, when burned in a receiver containing com* 
mon air or oxigen g^s, and this impurity was afcribed to hidrogen t:ontained in- the char- 
coal irfelf. Now that this may really be the cafe, appears to be in fome degree confirmed 
by the following experiments. 

A quantity of charcoal obtained by diftillation in iron cylinders, was introduced into a 
retort without being moiftened. A great quantity of gas was in all produced, what came 
over about the middle of the procefs confifted of carbonic acid and hydrocarbbnate in the 
proportion^ i to 18. * Two meafures of this waHied h)drocarbonate required i.6 mear 
fures of oxigen to faturate them, the produAs being one meafure carbonic acid'gaswith 
water. Another portion of the fame charcoal, which had for fome time been expofed\to 
a red heat in a covered crucible, was introduced into a coated glafs retort, and a ftrpng 
heat being applied, a confidcrable quantity of gas came over. This ga&, except at the- ver]^ 
commencement, fcarcely contained a veftige of carbonic acid ; two meafures of it required 
1.25 of oxigen gas to faturate them, the produds being water with only ..55 parts of a 
meafure of carbonic acid. Now by comparing thefe experiments together, it would appear 
that the gas from the charcoal which had been fo completely deprived of its moifture, con- 
tained bulk for bulk more hidrogen, and lefs carbon than the gas from that which had not 
been dried ; this being the cafe, it can hardly be foppofed that the hidrogen proceeded 
from the decompofition of water, but muft have fomehow entered into the compofition of 
the charcoal itfelf. The total abfence of carbonic acid may be confidercd as a further 

* The gas obtained in this way is extremely variable, and towards the beginning of the procefs I havt 
iumetlmes met with traces of the gafeous oxide. 

proof 
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proof of this» Another argument in favour of this fuppofltion may Ukewife be drawn 
from the uniform lofs of weight which has been obferved in burning charcoal in pure air 
or oxigen gas ; that is to fayy the weight of the carbonic acid produced has never been 
found equal to that of the oxigen and charcoal coinumed ; this deficiency I make no doubt, 
lias arifen from the produ£^ion of water which was afterwards held in folution by tiic car- 
bonic acid gaS) and could not therefore appear in its natural (late. That rood gafes con* 
tain a large proportion of water at the common temperature of the atmofphere can hardly 
be ddubtcd, although it may be very diflicult to eflimate the quantity, for the dried gafes 
expofed In clofe bottles to freezing mixtures, will be found to depofit a confiderable quan- 
tity of moiilure, which will again difappear on raifing the temperature. It is not impro* 
bable, therefore, tliat water may be frequently produced without our being able to detect 
it. It is no doubt in a great meafure from this impurity in the charcoal, that all the gafes 
obtained from mixtures containing it^ are fo uncertain and variable in their properties. 
Woolwich^ jfug, 19, 180 X. 
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Short Notice concerning the Properties and external CharaElers of fome new FoJJlhfrom Sweden 
and Norway ; together with fome Chemical Remarks upon the fame. By Mr. D^jlNDttJtDA. 
In a Letter to Mr* Beyer y Mqfter of the ATines at Sckneeburg. 
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.TS colour is a medium between the piftacciapgreen and Ifabella-yellow, of diflTewnt 
fliftdes of yellow. Inwardly its ludre is of the fattifli kind, approaching to that of the 
mother- of-pearl, fometimes in a high degree refplendent, and fometimcs a little chatoyanti 
but without any diftind play of colour. In fmali fragments it is Very tranfparent ; and its 
fficcific gravity is 3.6063. It cuts glafs, but gives little fire with deel, and can be fcratcbcd 
by the common feld*fpar« Its texture is fomewhat curvilinearly foliated, and when the 
lamellse are conGderably curvilinear, the fra£lure appears chatoyant. Hie laminx feeni to 
cro& each otiier twice in an oblique diredion. The crofs fradture is uneven and fine ' 
fpKntery; and its fragments are fplintery, with fliarp edges and pointed. Wernericc 
occurs im mafles and cryftallized. The crydals are low, hexahedral columns, with tetra«* 
hedral tenninations, having their terminating faces impofed-on the lateral edges. In thofe 
fpecimene, which are found in lumps or mafles, the form of aggregation is large and coarfe 
granular, and vefy much concveted* This ftoae readily frothes upon charcoal before the 
blow-pipe, and its edges exhibit an opaque, white, imperfe^l enamel. It occurs in the. 
■iroii-mincs Northo and Ulrica, in the Arendal territory in Norway, and alfo in Cath* 
polongo, in the Lewindale, in Swiflerland. This foflil bears great refemblance to the 
• adamantine fpar in its colour and luftre* 
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X. PETALITE. 

The colour moft frequently occurring is rcddifli, and In fome inllances grcyifh-whitr. 
Its internal luftre is ordinary and glittering, now and then with a lictle fplendor, and in 
that cafe of a faint appearance of mother-of-pearl. The edges are a little tranfparent* 
Specific gravity rather above 2.620. It cuts glafs and" is itfelf fcratched by feld*fpar. It 
hardly (Irikes fire with (teel. It occurs in lumps of a fine and alfo of a rather coarfe ag- 
gregation. Its texture is foliated or fcaly. The lamellx are very minute, throughout 
ffrongly concreted with each other. Their crofllng is but fingle. The fragments of the 
crofs fraAure are angular, amorphous, and not very (harp in the edges. It is broken 
with great facility, and eafily reduced by grinding into a fubtle» white, rough, and dry 
powdei^. When one piece is rubbed againfl another, it emits a faint fmcll refcmbling 
quartz. When treated alone with the blow-pipe it is infuiible, without change of colour 
or ludre. With borax it produces a white, tranfparent, vitreous globule, and with micro- 
cofmlc fait a yellowifh-white pearly glafs, full of fine air-bubble;s. With nitric acid it 
does not effetvefce, whether in the ftate of grains or of powder, but a portion is gradually 
difToIved by that acid. Fctalite U found near Utoen, Sala> and FingrufaDj near Nyako^ 
perberg, in Sweden. 

XI. CHRYOLITE. 

Colour fnow-whitc. Ludre faint, like a weak fplendor of mother-of-pearl. Very 
tranfparent. Specific gravity 2.9698. It fcratches calcareous fpar, but is itfelf fcratched 
by fluor-fpar. It may be readily broken in pieces, and is rather foft. It vields a very 
fubtle, white powder, of a foft feet, which, if moiftened with water, become tranfparent* 
This fofTil feels dry, and is cold, like fdd-fpar. Itb texture thick and broad foliated, with 
an irregular roughnefs, like water that has been fuddenly congealed to ice. Its laminx are 
ftraight, and jtheir crofTing threefold. The parts feparated by fplitting, when entire, arc o£ 
a cubical form. The aggregation of its integrant parts is fuch, that the juncture of two- 
is always covered by a third, fuper-impofed like bricks, which originates from the circum* 
fiance, that two croflings are ftraight and of the broad foliated kind, while the third is- 
partly laminated, partly broken, partly uneven. Before the blow-pipe chryolite-fufds even 
before ignition, like ice melting without effervefcence ; and it yields a fnowy-white opaque 
pearly mafs, which ty a flronger heat becomes rougli, full of bubbles, and deprefled in the 
middle^ being alfo cauftic in that flate when put on the tongue,, and pofTefled of a tafte 
fimilar to that of borax. When heated with borax, tlus fof&i is.fufed to a pellucid glafs, 
whichi however, upon cooling is opaque and white. When fufed. with pot-afh in a filvcr 
crucible^ it turns to a white porcelanic mafs ^ which, when difiblved in.diftilled water, and- 
precipitated by means of nitric acid, yields a white, tranfparent pafty mafs, which after 
deficcatign may be fufed again in the fame manner as the crude foiIU« In tlie nitric andi 
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muriatic acid it is infoluble. Wiih Ycry concentrated fulphuric acid it ftrongl]^ efTervefces, 
emitting then whiteifti, gafeous vapours, which attack glafs. This peculiar foflil confifts 
of alumincj fluoric acid, and a little pot*a(h. It occurs in Greenland^ but its native par^ 
dcttlar fpot is not yet known, though it appears to form (Irata. 

XII. SCAPOLITE. 

tht colour of this ftone Is yellowifh an^ greyiOi-whitCi and alfo fmoky-grey. Its ex* 
ternal luftre vitreous, from the glofs of wax to a brighter poliQi, but its internal luflre has 
little brilliiancy. This ftone is more or lefs tranfparent on the edges, but it is entirely, 
opaque when decayed. Spi^cific gravity from 3.680 to 3.780* It admits of being fcratched 
with a knife, but itfelf fcratches glafs. Its ftreak is white. The cryftals are nearlj 
reAanguIar quadrilateral columns (having angles from 85^ to 95^)> with.very flightly trun- 
cated lateral edges, without pointed terminations. Thefe cryftals are very minute, aird in 
that cafe almoft needle-(hapcd ; feldom large^ with tranfverfe fiiobtihgs» and longitudinally 
ftriated. The fmall and very fmall ones are ufually concreted crofs-ways with each other 
in regular clufters (drufenj^n^ prifmatici but the larger are totally bedded in the matrix. 
Their texture is lamellar, but in the larger cryftals it approaches to the ftriated. When 
fplit a vifible diagonal crofting is perceived lengthways, and a fecond one lefs perceptible 
which is longitudinal and oblique-angular. The crofs fra£lure of fcapolite is uneven, and 
the fragments of this fradure are prifmatic (bar-like). It may be eafily broken, and is 
not eledlric. Before the blow-pipe it readily fufes, with frothing, into a white re* 
fplendent enamel. It is found in the iron-mines near Arendal, in Norway. 



III. 

Eitperinunts and Obfervations on the Properties of Wind Inflrumenttt eonjijting of a Jingle Pipi 
$r Channel \ with Improvements in their Conflruffion. By Mr, IVlLLim ClOSM. 

To Mr. NICHOLSON. 
SIR, 



O 



N every wind inftrument of mu£c, whieh has the intervals of its fcale regulated by. 
holes for the fingers of the mufician, it is impra£licable to tranfpofe the key of an air half a 
tone, without altogether changing the mode of fingering. If no alteration can be made ia 
the length of the inftrument, to performs quick. fucceiEon of chromatic intervals is not 
eafy; but when fome of the chromatic notes are aflumed for the key of an air, the fingering 
18 attended with fo many difEculcieS) that the melody can only be well executed by a per* 
(6rmer of tranfcendent abilities* 
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•21* t>n thi ^nptrties (f Wind Infifumtfat. 

The chromatic (cmitones are generally introduced into the natural fcalc of each o£ thefo 
indnimente by the afllftance of fereral fingers. If they cooid be all condufied by cop 
fingeri or if all the notes of the fcalc could be raifed half a tone by opening only one apcr* 
ture, a fucceflioh of femitonic intervals could be attended with little difficulty. It woutdi 
be eafy to introduce any number of (harp founds from another key, and as eafy to play in 
the modes of C (harp, D (harp> F {h;u-p, and G fliarp with a greater third, as of C» D, F, 
and G • of G {harp» D (harp, and A (harp, with a minor third* as in the eafy keys G^ D, 
i\nd A ; becaufe the fcale in each key, with all its founds made (harp, would be fingered • 
\xi the manner as previous to its tranfpofition. 

The pitch of an in(^rument, indeed, may be ralfed by contracting its length, but this 
Uicthod can be of little ufe, except for making ic accompany other inftruments. It cannot 
1)e ufed in modulation to le(ron the diflficukies of fingering, as the melody mud be fuf- 
pended before It can be adopted. 

Among fome experiments which I have made with a view to improve the -ftruflure of 
certain wind inftruments, I have endeavoured to realife a projefl for a very eafy method of 
introducing the chromatic femitones into the natural fcale, and of (harping any number o£ 
the diatonic notes at'pleafure: in the courfe of the prefent letter I (hall communicate the 
method of doing this, and defcribe the principal inftruments which have been conftrudlied 
in the courfe of thefe experimental refearches. 

In defcribing the inftruments I (hall follow the order in which I have arranged the 
drawings. 

Early in the year 17991 ' ^'^^ ^ ^^^g^ ^^^^ conftrufted of pewter, in the (hape reprelented 
by Fig. 1, Plate XI. which is ftill in my poflcfTion. Its in(ide is a winding cavity or fer- 
pentine tube, into which are made fcven holes at very convenient diftances for the fingers 
commonly ufed in performing the fcale of C major on the German fl«ite. When all thefe 
apertures are clofed, the loweft found is in unifon with the note reprefented by the line ' 
which is marked F by tlie bafs c]i(F| or it is one-fifth lower than the loweft found of % 
German flute, which has three keys for the little finger of tlie right hand. 

Fig. 2 rcprefents an horizontal fcclion of the tube or cavity, at any height between its 
higher and lower fides, on a fcale of one-fifth of the real fize. The inCde of the tube is 
three quarters of an inch broad, and one inch deep. 

That part of the inftrument which contains the aperture for producing the found, is laid 
over three turns of the tube, and is reprefented in Fig. 3, which is a vertical fcftion of this 
part of the inftrument, to (hew the depth of the fides, and the conftruftion of the tube 
near the found hole. A fudden dilatation in this part is avoided, by the infertion of a piece 
of metal, which produces the gradual turn, reprefented by the dotted line: but none of the 
corners in any other part are there cut oft*. 

thefe 
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Thefe pieeei or plates of metal in tbis con(lru£Vion of inftruments of this kind: are 
^beaded and 'laid together in the manner 'delineated in Fig. 4r which nearly reprefents a 
crofs vertical fe^iion of the inftrument between the found hole and the apertures for the 
fingers. ' 

The length of the tube, and the places for the holes> were made to corrcfpond with the 
proportions of an inftrument that was ftraight, by meafurlng a line that was reprefented as 
drawn in the middle of the tube on a plan Gmiiar to that delineated in Fig. 2^ but of the 
real fize. The line took a femicircular turn at the end of every partitioni and defcribed 
the half of that curve at five other places* The empty corners were all difregarded in the 
calculation. 

The holes for the fingers are marked 1, 2> 3, 4> 5, 6f 7, in Fig- 2 : the hole 8 is cavered 
with a valve or key« which is deprefled by the little finger whftn the inftrument is required 
to found G ftiarp ; at all other times, when the afliftance of the little fingjcr is requifite to 
fieady the inftrument, it is put down upon the feventh hole inftead of being laid upon the 
key, as is; commonly praflifcd in playing the German flute*. 

That all founds of the fame name ibould be perfe£l: o£lavesy is one of the firftrequifites 
iarthe fcale of every inftrument. }t was expeAed that the angles or dilated parts in the 
anfractuous ftrudure of this flute would render the o£taves tod flat^ but when the feven 
Joweft founds were tuned by adjufting the fizes of the holes there was very little imperfec- 
tion in each correfponding found of the fecond o£lave. D and £, anfwerliig to A and B in 
the higher o£lave of the German flute, are thofe that are a little defeflive : they are too flat 
when the feventh hole is open, but when it is clofed they, are made true. Qoiing this 
aperture does not aflt:£l D^nd £ :in the lower o£lave. 

An inftrument of this kind Ihould be made light, as it is generally fuppprted in an 
horizontal poficion when applied to the lips, and the chief of its weight refts upon thf 
thumb of the left hand. The form may be ufed for large inftruments when it is requifitc 
to contrad the length, and bring the holes for the fingers into a convenient compafs. 

A flute of the fan^e pitch with the German flute, was conftru£ied of the fliape of Fig. i^ 
but the fircond o£tave of its fcale was very defeAive, even when every precaution bad beqa 
taken to fill up all the corners. 

. A fmail ftraiglit flute, which is about four-tenths of an inch in diameter, thirteen inches 
in length from where it is filled with .the cork, with feven holes for the fingers, and th^ 
neareft of thefe to the found hole about five inches diftant ffom it&oentre, will perform a fcal^ 
of three oAaves and a full tone, and will found B and either of its o£bives when only the 
firft hole is clofed. Tlie coR>pafs pf the (cale of a common fife with fix holes is two od^^vcs. 
and a fixth. The extenfion of the fcale by a fife of thefe dimenfions beyond that of the 
common one is owing to the additional piece of tube beyond the feventh hole; As per-^ 
formers on the fife generally ufe the acuteil founds of the inftrument, it will be of advan«- 
tage to make this a^idicion, even when the feventh hole cannot be clofed by the little finger : 
it will extend the fculc, and make fome of the acuteft founds eafier to be taken in fjuccef* 
fiqn, by rendering tlie mode of fingering more Ample. 

4 I had. 
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I had once a Tery frndltnetalHc flute or fife which woald play any two notes \n the firft 
and fecond o£^ave which were o£brres to each other, both together, and when it was rightly 
blown they were perfeAly in tune. The found hole was eliipticaU and rather wide, and 
its edges were (harp. The holes for the fingers were wide^ and the fides o£>the pipe were 
thin. 

I (hall now proceed to explain the method of tranfpofing the key of an air on the German 
flute without any material. alteration in the mode of fingering. 

If one end of a round pipei which is One-fifth of an inch in diameter, and two inches 
"TMiA an half long, be inferred into the fide of a German flute, about one inch and three 
quarters nearer the found hole than the aperture, which is ufually clofed by the foremoft 
finger of the left hand, all the founds in the loweft oflave from C to B will be raifed half a 
tone while both its ends are open, and all, or any of them, may be reftored to the original 
pitch by only clofing its exterior orifice. 

If the end of another pipe, which is rather wider than the former, and one inch and aa 
half long, be inferted into the flute between, and equally diftant from, the fourth and fiftli 
holes from the found hole, thefe founds of the fecond oAave C, D, E, will be raifed nearlf 
'half a tone. When C is produced, only the fecond hole from the found hole fliould be 
t)pen. 

If the end of a third pipe, which is one quarter of an inch in diameter, and one inch 
long, be inferted into the flute at the fame diftance from the found^ hole as the neareft 
aperture but one, all the notes in the fecond oflave between C and C will be raifed half a 
tone when all the three pip^s are open. 

To reduce this to pra£lice : Let the firft pipe be fo laid by the fide of the flute that the 

f 

"cnd which opens into the external atr may be clofed by the thumb of the left hand ; and let 
the other two pipes be fo difpofed that their ends may be clofed by two valves or keyS) which 
may be both opened at once by either the thumb or the little finger of the left hand. 

Fig. 5 reprefents a German flute of the common fize, which is chiefly conftru6%ed of tin 
and copper, and has the three additional pipes. A fe£lion of it is delineated In Fig. t. 
The places of the holes for the fingers are there numbered i, 2, 3, 4, 5, 6, 7. There ]fi a 
turn in the tube between the fixth and feventh holes, in order that the ferenth may be clofed 
hy the little finger of the right hand inftead of a key. The three pipes are arranged in the 
order that has been recommended. That for (harping the notes of the lower oQave is 
clofed by the thumb, and the other two by keys, which are delineated in Fig. 5. 

The flute is rather (Iraighter at the turn than in any other part, when it was not con- 
traded between the fixth and feventh holes; fome of the founds in the fecond oftavei par- 
ticularly F fliarp and G, were put out of tune when the feventh hole was clofed. 

When the above*mentioned pipes are added to flutes made of wood, they majr either be 
let into the material, or formed by making grooves in the fide of the inftrument after it 
is lined with a metallic tube: thefe grooves may then be covered with pieces of metal, to 
which may be fixed the keys. ' ' 

B 
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By the uflTiAfmcerof tbefe pipes 1 1 Is Ttir^ eafy to perfonn a chromatic fcale, or at pleaUire 

to tMnfpofe the key of ati air half a't6ne. The truth of the iotenrals in the key thus 

afrome8 depends very much Bpon the width of the pipes. Thofe of the flutC} delineated in 

Tig. 5aod 6, would bb pretty truej but one or two o£lave notes of its original fcale are too 

fiiarp, and this imperfe£lion is tranfmitted to the tranfpofed fcale. 

To determine whether the original founds of the fecond oftave could be raifed by clofiog 
the interior ends of thefe pipes, or (which would anfwer the fame purpofe in dimini(hing 
theititerna! capacity of the inftrument) by filling them with water, I made the following 
experiment:^ 

The three pipes were inferted into that fide of the flute oppoGte the holes for the fingers^ 
andnearly at right angles with the tube. The lower end of each was then juft immerfed 
in water contained in a fmall veflel, and while the (lute was held in a pofition . nearly 
horizontal, founding each of the notes C, D, £, F, G, A, B, of the fecond odtave, and 
Cj D", E, of the third, the reflcls were raifed fo high, that the water would very nearly fill 
to the higher end of each pipe. No variation in any of thefc-founds C, D, £, F, G, was 
perceptible: but the pitch of ^he five higher. A, B, C, D, £. rofe a little with the afcent 
of the water. The variation, htowever, was fo flight as to be no objection to the ufe of 
the pipes. 

When an air is tranfpofed eftit of D into D (harp by opening thefe duAs, the key note of 
the original mode D mull be ufed for the (harp feventh of that which is adopted, inftcad of 
C fltarp, which, when fingered in the ufual manner, is too flat ; for the fame reafon it 
is alf6 preferable in the fcale of D (harp, to ufe the common C inftead of B (harp for the 
major fixth major ; and when an air is tranfpofed out of middle C into C (harp, to ufe the 
common C (harp for the key note. 

Thefe, and fome other defefts, induce me to think that the following method of tranf- 
pofition by one pire will be inoft eligible, as the fingering of the fcale in any common key 
need not be altered^ 

Infert one end of a round pipe, three-tenths of an inch in diameter, and one inch long, 
into the infide of a German flute, fo much nearer the holes for the fingers than the found 
hole, that a line which enchrcles the flute, and pafles through the middle of this laf( hole, 
may be feven-tenths of an inch from the centre of the interior orifice of the pipe, and all 
the founds of the flute will be raifed about half a tone when the ends of the pipe are open. 
Turn this pipe by the fide of the flute, and let its exterior orifice be clofed by a valve or 
key, which may be opened by the thumb of the left hand. 

In the model with which I made the experiment^ the pipe was inferted into the contrary 
fide of the flute to that into which it fliould be inferted, when the inftrument is intended for 
pradfce: it is delineated in this pofition by the two dotted lines in Fig. 6. I have not 
bad ati Inftrument conftmd:ed upon this plan, but I think it much preferable to the method 
proposed before. The flute may have all the conunon keys, and the fingering of no fcale 
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will require any change after it is tranfpofed a fcmitone higher. The B flat key, however^ 
cannot be ufed in fcales that are tranfpofed ; but there will not be mucH occafion for it at 
all, as the long key here recon\mended will fupply its place^ and be as eafy to manage. 

The pipe delineated by the two dotted lines in Fig. 6, was filled with water whik each 
note of the flute was founding, but the variation produced in one or two notes of the 
fccond oftave by the afcent of the water was fcarccly perceptible. Entertaining fome 
doubt, however, that B and its octave were not perfcdlly in tune with each other, I coai-» 
pared them both with two coriefponding founds of an organ which were pcrfcft odaves. 
The higher found of the flute was a true oftave to the found of the lower toned orgaa 
pipe, but the lower was rather too fliarp to be exaftly in tune with the found of the higher 
pipe, unlefs the flute was carefully blown. After the tranfpofing tube was removed, the- 
lelation between thcfc two lafl: founds was little amended. 

The odaves of A and B, rendered fharp by opening the end of the pipe, were as true as 
the odlave founds of German ftutcs are generally found to be when compared with other 
founds which are perfefkly in tune. Without making any further remarks on this method, 
of tranfpoflcion, I ihall proceed to other objedls*. 

Wind inftruments of mufic, which have thcrr notes reguFated by feveral apertures, will 
generally produce two or more founds, diflx:ring confiderably in acutenefs from one an« 
other, when all their holes are clofed, or when any number of then» are open, if the 
ftrength of the current of air employed in founding the inllrument be gradually increafed. 
All the founds in any feries thus produced above the lowed of the feries, are called 
harmonics : thus when C is the loweft found of a Germaa flute, the harmonics are C, G^ 

In the fcales of the flute, the oboe, clarionet, and other inftruments, a fucceflion-of the. 
loweft founds in diatonic order are produced by opening feveral holes, until the highell is 
only a tone or half a tone lower than the loweft harmonic of each inftrument with all the- 
holes clofed. This harmonical found is then taken into the fcale, and another feries is 
produced by opening the holes a fecond time, while the current of air is accelerated. 

On the flute and the oboe tbefe latter founds, the afpiring oflspring of thofe below, 
0iould be each an o£lave to its progenitor, but on the clarionet each (hould bea twelfth. 
The number of apertures that will be required to complete the lower feries, depends upon- 
the number of diatonic notes which compofe the interval between the loweft found of the . 
inftrument and its loweft harmonic : each note included between thefe muft bare an aper*> 
ture to regulate its picch. When the interval is an o£lave, fix holes will fuflUce for this- 
purpofe ;. but when it is a twelfth or compound fifth ten muft be employed^ 

The requifite pitch of each note is obtained by adjufting the fizes of the holes, am) 
making them dilate confiderably as they approach the infide of the inftrument. We have 
before noticed the efl^e£t of opening a pipe which was all throughout of the fame width; 
CQnne£bed with the infide of a,flute| and from what has beca faid, it is eaff to undcrftaod ; 

why 
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why this fliapc in the hoks Is fo univcrfaHy adopted. As every aperture muft regulate t%yo 
founds^ it may juftly be conGdercd a dcGrable requifite, that the width of every wind in* 
ftrument (Iiould be fo proportioned, that the interval between each of thofe founds pro- 
.duced with the lead effort, and thefe propagated by increaCng the force of the current, 
(hall equal either an o^ave or a twelfth. Several adventitious circumdances, however, 
often dedroy the harmonical relation which might. otherwife refult from the dimenfions of 
the tube. 

The harmonical part of the fcale of die German-flute is nearly true, bnt the fame part 
. of the fcale of thofe inftruments, whofe founds are propagated by the vibrations of a piece 
of reed, are generally very imperfe<a. I fliall only make a few obfervations refpefiing the 
clarionet, as I have made no experiments with any other indrument of this kind. 

The pitch of the higher notes in the fcale of the clarionet depends very much upon the 
drength of the reed, when the indrument is only blown, and the reed not prefTed by the 
lips of the performer. A reed that is drong enough to perform the higher founds in tune, 
unuflided by prefiure, will foon fatigue the performer, and fcarcely play the founds of the 
lower fcale : on the contrary, a reed that is flender enough to play the lowed fucceflion of 
founds full, will not play the fcale of twelfths true, unlefs it be prefled drongty by the lipsi 
and if any of the holes are widened fo much as to produce the requiGte pitch in the har* 
inonical found, then its progenitor will be made too high, compared with another found 
which fliould be its oftave : thus it happens, that adjuding the fizes of the holes to the 
founds in one part of the fcale, dedroys their conformity in another part. It is however 
abfolutely neceflary, that the o£taves fliould be true, and that the reed fliould be fo flender 
as not to fatigue the performer \ and therefore the higher founds are generally made in 
tune with the lower, by prefling the reed — a method which is not agreeable, and requires 
much praflice to regulate. 

If every aperture of an indrument only regulated the pitch of one found indead of two, 
the temperament of the fcale might be eaGly adjuded, but from the limited number of holes 
that can be conveniently managed by the fingers, a feries of diatonic notes could fcarcely 
be carried through two oftaves. An indrument upon this principle, I have frequently 
thought however, would ferve very well for performing the bafe, or fome part between 
the bafe and the treble, accordingly I have coudru£led one in the fliape of Fig» 7, with a 
reed like a clarionet. 

Fig. 8. is a fe£lion, which contains the proportionate length and breadth of the indru* 
ment upon a fcale of one fifth of the real fize. The infide of the tube A is five lines in 
breadth, and feven in depth. To this tube is fixed the piece which carries the reed, Sind 
two other pieces or branches B and C, which have the fame dimenGons as A. There is 
alfo a fmall pipe reprefented under the figures \^ 2, 3, ^ which opens into this tube. The 
indrument has nine apertures on its higher fide marked !» i) 2, 3, 4, 5, 6, 7, 8, which are 
clofed by the fingers; and two on its under fide marked 9, 10. The ninth hole is clofed 
by a valve or key, and the tenth by the thumb of the left hand. The end of the (mall pipe 
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at 5 opens on the under fide, and is clofcd by the thumb of the right hand. The holea 
marked ii, 12, are always open, they are on oppofite fides of the tube, and let out the air 
when all the other apertures are clofed. 

The lowed found of the inftrument is C, reprefented by the fecond fpace under the line 
marked F by the bafe cliff. The founds D, E, F, G, A, B, C, 2?, £, -F, are produced by 
opening the holes 10, 9, 8, 7, 6, 5, 4, 3, 2, i, i, arid thefe are all the notes that can be 
conveniently obtained in this manner, unlefs there Tse a key for the foremoft finger of the 
left han^l to add G, which found however, is as eafily produced by clofing all the holes 
except thole marked i, i ; after this, by opening the hole 8, while i, i, are open, the next 
note j4 will be added to the fcale. Other notes ftill higher maybe thus obtained, but they 
are not fo eafy to command. The fmall pipe under i, 2, 3, 4, is made of a thin piece of 
brafs ; it is flat, and forms part of one fide of the tube A ; if it was round, it would be two 
lines in diameter. When any of the chromatic femitones between C and G are introduced, 
the end of the pipe is opened, and alfo if it is requlGte to change the key of C for that of 
C fliarp. 

The holes marked i^ i, are each in a different part of the tube, but as they arc only 
feparated by the thin divifion between the tubes A and C, they are as eafily clofed by the 
foremoft finger of the left hand as one hole. When the aperture i in the tube A is only 
Dpen, the found G is too flat, biit when the hole i in the branch C is alfo opened, it is a 
true twelfth compared with the loweft found of the inftrumeht, although the fecond fourid^ 
which is produced by ftrengthening the current of air when all the holes are clofed^ is 
only a compound fourth. 

The branch B brings the hole 7 conveniently under the little finger of the right hand. 
The width of a part of this branch is contra£^ed by the infertion of a thin plate in the in- 
fide, as is faintly reprefented in Fig. 7. 

The hole 8 is clofed by the little finger of the left hand : It is made wide, that the found 
F maybe true when the holes 9, ip, are either clofed or open. The length of the reed» 
and the flanted furface of that part over which it is placed, may be •deterniined by the lines 
drawn under Fig. 8. the higher line reprefents the flat fide of the reed, the lower (hews 
the inclined furface of the inftrument. 

This inftrument is portable and eafy to play; the intenfity of its tone may be varied 
without any variation in its pitch ; it requires a piece of reed which is very flender, and 
maybe ihaped in a few minutes. The fcales of C and F major, and A and £ minor will 
perform the beft, but th^fe may be tranfpofed half a tone by opening the fmall pipe under 
1 9 2, 3, 4. The mufic may be written with the C cliff placed upon the loweft line but one 
of the ftavc. 

The compound fourth produced by this inftrument in place of the twelfth or compound 
fifth, fuggefted an alteration In the fcale of the clarionet, namely, by a (lender reed to 
lubftitute a fcale of elevenths, or even tenths iin place of the fucceffioii of twelfths* 
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' l^g. 9 reprefents a metallic clariooeti which was conftrufled for this purpoCs. tt will 
perform the notes of n diatonic fcale to the extent of two o£tave8 and a fourth. The com* 
mon holes for the fingers are marked i, 2, 3t 4« 5^ 6, 7 : between 3 and 4 there is an ad- 
ditional hole 'for the little finger of the left hand, and about half an inch nearer ihe reed 
than the firdi and on the oppoflte fide of the tube there is an aperture for the thumb. The 
proportions of this figure are equal in length to one fourth of thofe of the inftrument. The 
tube is five eighths of an inch in diameter beyond the figure 7 ; at i it is about half an inch. 
The loweft found of the inftrument with all the holes clofcd, is G reprefcntcd by the fpace 
immediately above the line, which caufes the bafe cliff. When the indrument is blown 
eafilyi and the holes 7)6,5)4, ///>i, 3>2, i, /A, arc opened one after another, the fol- 
lowing fucceflion of notes will be produced, A, B, C, D, E, F, G, « B : when the hole 5 is 
opened for C, 6 fhould be clofed. For B flat, clofe the hole i while the thumb hole is 
open. For C the compound fourth of the lowed found G, clofe all the holes except the 
fird and the thumb hole, or either of them. While blowing a little dronger clofe thefe, 
«nd open the holes in the fame order as for A, B, C, D, £^ F, G, A, B, and the following 
fucceflTion of founds will follow, D, E, F, G, A, B flat, B, C. If the highed C be too flat, 
open the thumb'hole and clofe the fecond. Ano^er found dill higher may be added^ by 
preflTmg a key with the foremod finger of the left hand. The compafs of the fcale will then 
be equal to two o£laves and a fifth. A fmall pipe might be introduced into the fide of the 
indrument oppofite the feventh hole, and its exterior end clofed by the thumb of the right 
band ; when it is opened the lowed found G, and C its compound fourth, will be raifed 
^ half a tone* It would alfo be advantageous to have a joint near the wider end of this cla« 
lionet to vary the pitch of middle C, fn the modes of C and F ; when this note is raifed a 
little, its oflave below may be made true by opening the fixth hole. An indrument of this 
kind may be made of wood. It feems well adapted for performing the parts generally af- 
figned to i\it Jirfl clarionet. All the founds of its feale are nearly of an equal drength. 
The fingering of its fcale is eafy, as none of the common notes arc introduced by opening 
apertures which are clofed by inanimate valves or keys. The reed is flender, and requires 
little prefllure from the lips in performing the higher founds of the fcale. Keys are not 
neceffary in the diatonic fcales of C and F, but for introducing F fliarp in the lower feries 
of notes, and £ flat in the higher, two keys will be of advantage. A bafs indrument as 
long again as this clarionet, with the fame kind of a reed, and with the holes for the fin- 
gers difpofed in the fame order, may be made in a ferpentine form like the part i, 2, 3, 4, 
5, 6, in Fig. 2, but if it be intended to perform an extenfive fcale, all dilated parts fhould 
be avoided, or the founds in the higher feries will be too flat when produced by a flender 
reed. 

I fliall finiih this long letter with an explanation of the tenth figure. When the external 

air is excluded from die fide aperture of an organ pipe, and the found is carried with the 

current which produces it, through another pipe of the fame dimenfions as that which 
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determines the pitc}i» the found is eonfiderably weakened, and its pitch is raifed. Fig. io, 
reprefents the feftion of the inftrument with which I made the experiment. It confids of 
two pipes A and B. A fquare pipe was conftru^cd of metal, with an aperture in one fide 
like thofe pipes of an organ in the flute flop. When its end was open its lowed found was 
in unifon with G above the {i(th line of the treble ftave. 

A thin piece of metal was now turned over three fides of the piece of wood upon which 
the pipe A had been turned, and its edges were foldered co two corners of that pipe. Two 
tubes being thus conftrufled, the aperture for producing the found was in the partition 
between them. When that end of the t6be B which is neareft the fide aperture was clofedj 
and the Inftrument was blown, its tone was confiderably changed, and a full note higher* 

An inftrument of this kind may be ufed when any of the gafes are employed an the pro- 
;du£tion of found. 

The harmonica! founds of this pipe are A, o£lave to its lowed; found } E, twelfth ; A 
double o£tave or fifteenth; and C fliarp, feventeenth major. I confider the change in its 
•original tone and pitch to be owing to the diminution of preflure upon die fide aperture. 
Flame produces nearly fimilar efFe6ls. Bring the flame of a candle very near the fide aper- 
ture of a fmall organ pipe^ and its found will rife confiderably. 

I think a mufical inftrument might be formed upon a plan nearly fimilar to that of Fig. 
*io. After the proper length of the pipes A and B is determined, fix holes may be made 
anto each, fo near the partition, that all the twelve may be clofed by fix fingers. 

Our fmall wind inftruments have many imperfedions, but are the obje&s of fo little 
ilire£l importance to fociety, that we do not cxpc€t much celerity in their improvement. 

I am, SIR, 

Your humble Servant, 

WILLIAM CLOSE. 
Dalton^ July 24, 1801. 
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On the Produnion of artificial Cold by Means of Muriate of Lime. By Mr, RiCHARD 
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HE fubje£^ of the means of producing artificial cold, or the conftitution of frigorific 
mixtures, I had confidered as exhaufted, in the Papers I have already had the honour to 
lay before this Society : fo far as relates to that part of the fubje^l which confifts in gene- 
rating artificial cold without the ufe of ice^ it ftill remains fo with me, having nothing new 
to offer. 

A COD* 
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A conHderable acquifition however having been made^ fincc my laft Paper " On the 
beft Methods of producing artificial Cold/'* by the difcovery that a neutral fait, but little 
known, or attended to, by chemifts before, produced extraordinary effedls of this kind 
with ice, it could not fail of attra£)ing my attention. 

Since the time I firft became acquainted with this circumftancc, I have, as opportunity 
oflFered, been engaged in making a variety of experiments with this fait, which I flatter 
myfelf, if the Society have not already received a communication on the fubje£t» may not 
{>rove unacceptable. 

Before I relate my own experiments^ it may be proper to premife a fhort account of 
thofe of Mr. Lowitz, the author of the difcovery. 

The refill t of Mr. Lowitz's experiments arc, in his Memoir, f given according to the 
fcale of Reaumur; but, in thisj are throughout reduced to that of Fahrenheit. 

Mr. Lowitz, profeflbr of chemiftry in Pcterfburgh, having found, by an experiment 
made in the winter of 1792, that cauftic vegetable alkali, in a folid Aate, produced a de- 
gree of cold far exceeding any other fubftance before mixed with fnow, viz. 83 degrees^ 
determined to profecute the fubje£b; and, upon refle£iion, confidering that the deliquef- 
cant failts were likely to be fitted for his purpofe, fixed chiefly upon the clafs of muriatic 
falts, or thofe which have their bafe neutralized by the muriatic acid. The refult of his 
experiments was the difcovery, that cryftallized muriate of lime funk the thermometer 82 
degrees ; and that the other neutral falts of this clafs, though much inferior to that fait, 
exhibited neverthelefs remarkable powers of the fame kind. :|: 

Profeflbr Lowitzj in the Memoir alluded to, obferves that he has repeated my experi« 
ments with chemical falts znd/noWf but could not produce a degree of cold below 4. 2\ 
Here is evidently fome miftake ; for it is fufficiently known, that the novelty of my expe- 
riments depends on the production of cold, without the ufe of ice in any form. $ 

Pr. Lowitz having found by experiment that, at the temperature of + 7.^^ ^ four parts of 
muriate of lime to three of fnow produced a temperature of — 55°, and that an increafe of 
the fait, even in the proportion of two to one, did not diminiih the cWtQ, determined the 
bed TiXidifureJl proportions to be, three parts of the muriate of lime to two of fnow. 

But, fince we (hall find hereafter the temperature of + 32® to be 2 more convenient ' 
term of comparifony we may fairly (late the fa£b thus ; that muriate of lime three parts^ 
aud fnoW two parts, mixed at the temperature of 4- 32^, will give — 50**. 

The fnow, 10 produce the greatcfl: eflPedl, he fays, fhould be frefh-fallcn, dry, and light 
or uncomprefled; and the fait perfectly dry, and^reduced to very fine powder. 

• Phil. Tranf. for 17->5, p. 270. 

f See a tranfiation from CrelPs Chemical Annals for 1796, by Monf. Van Mons, Vol. XXII. p. S97, 
of the Annales de Chimie. 

J ProfeiTor Lowitz no fooner difcovered the great efficacy of tHe muriate of lime for tfiit purpofe, than • 
h^ gladly rejefled the cauftic vegetable alkali, on account of its burning quality \ the difference being one t 
degree only. 

^ Se^ the uble of frigorific mixtures. Phil. Tranf. for 1795, p. 279* 
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Vt. Lowitz's method isy to add at once the fait to the fnow ; the latter- being prevuHifljr 
put into a conventeiit veflel. As the fait produces llie greateft «fied ^rhilft'it jretaiiiS. tht 
grealeft qttantitjr o( water of crjftalUzation, he prepares it during d[ freezing atmofphere^ • 
pounds it» fifts it| and keeps it in clofe bottles, in a cold ^ict. With a- nuxture of this 
kinds Pr« Lowjiz froze# in on&experioicnt^ '3; pounds of quickfilrer. 

Pr« Lowitz obfervosy that with the above precautions and -mamigemcoti it isimpofliblc* 
to^fail in the c]f/]gn of freextngquickiil?er with it. ■ 

Pr« liowits^ found >likewife» that the muriate of lime, prejpared as above, produced'^ ^8 . 
degreejs oCcpld by fpluiioxtin watery that isi hy adding 3 parts of this faU| Jn powdci^ to 
2 parts of water, each at the temperature of -f- 3^^i» the tberinofneter funk to— » l^f. 

Fr. I^pjiyitz a4.dsj that th^ muriale of lime which has been ufcd for making frigorifit 
mixtures^ may.bc pcocufed again repeatedly, as fit as at firft for the fame purpofC) by'^' 
evappratioI\an4.cry(lal^zation• * - 

.JHayjng given an account of .Pr«Lowitz.'s experiments, I. (hall ^ now bnefly relate the<^ 
refult of a furies of e:[^periments made by myfelf,- which occurred to me in cenfequenee^'- 
Pr, Lowitz*s difcovcry, .,.,.. .jc 

My firft objecl was, to repeat the foregoing experiment under fimiiar civqutnftauees ; 
but the,tIicrmometer (the temperature of the air and materials being 4- 3^.^) fMk^ is this 
inftance, no lefs than —48?. ' • * 

The liquefa£tion, in the above indaocci was remarkably fuddea; and the full efft£k'. 
was produced, as it were) in an ioftant. 

Secondly, with a view either of producing a very extraordinary degree of cold, or afccr- 
taining the point at which this fait ceafes to produce further cold, I mii^d the fame mate* 
rials, previoufly cooled by art to 40^ below o, when the thermometer funk to ^3^ bdowcxt • 

Thirdly, fome of the fame fait, in a cryftallized date, was fet out to deiiquefee ia the . 
open air: this liquor mixed with (xiow> each at the temperature of + 32^, gave acoU 
of — 20*^*- 

-HJence it appears, that 52 degrees of heat were abforbed, or rendered latent, by the: 
liquefadion of the fnow, and 28 by that of the falt^ in the firft experiment! that iff, ia.i 
the whole, 9p degrees. 

The muriate of lime ufed in tlie above experiments was prepated- thus : muriatic aeidt- 
I part, and diftilled water 3 parts, were thoroughly mixed i . this liquor was then perfe£U]r. 
faturated with whiting, an4> when clear, poured off! Tbf9. mixture was afterwarda eia* 
porated, till it.cryftallized in air at +.32^, (which happened when the liquor had been' 
evaporated to the confiftence of a thin fyrup,) and then reduced to fine powden 

* The muri^ite of lioM made \kk of by Profeflbr Lowit?, in thefe experiments^ was obtained frotft tke ' 
rcfidue after the diftlllat ion of cauftic ammonia. ^ , >'. 

f In tfaU inftance, at I afterwards found, the proportion of fnowy^owing in part to 1 confidtrablrpor^ * 
tlon of the nuuiale 43^ lime remaimng frozen at the bottom of the veflel, and not mixing,' ^^rarimich MUf ' : 
great. ' ' •. . » ^ 

Ffow 
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From die precfiBiig toeDunt it it apparent, that Pr. Lowitx has direovered a fingle fri- 
l^fic mixture, bj which ^uickfihrer may be frocen wheniever the temperatvre of the ma* 
teriab at mixinx is m> ccrider than + 32^; whereas, the nitrous acid with fnow, which hat 
hitherto been confidered at the mod powerful^ of frigorific miztutes, reqniret a temperature 
of 4- 7^» to produce the iame efieft. 

At the fame time, howeter, it fhould be obferved, that aa experiment with' fhtt fa^, 
prepared as above, can be made onlj during a freezing aimo/^iere ; the fait itfelf thus pre- 
pared, becoming, as maj be inferred from the above; and as I have myfclf''experience4» 
unfit for ufe by a warmer temperature. 

Refle£bing upon my former experiments, I determined to try the cfkO. of this faft, re- 
duced to foch a ftrength) by evaporation, as to endure being kept, in a folid ftate;^ 
throughout the year* For this purpofe, I foutid it neceflary that the liquor, prepared at 
before, flionld be evaporated to the confiftente of a thickiih fyrup^ before it is' fet by to 
cryftallise } when the produce will be a femi-tranfparent, uniformi cryftalline mafs, which 
aflFords, on pulverizing, a white pearl^coloured powder, which fliould be preferred for ule 
in a bottle clofed with a ground (topper. 

Some of the powder abo^e mentioned, (which had been previbufly fubjeQed to a tem« 
perature of + 70^, without meltingj I miled with fnow, each at the temperature of 4- 
3a® ; when the thermometer, to my perfe£k fatisfa£lion, funk to — ^o^ ; and, at another 
rime, when the air was + 20^, I froze quickfilver perfeAly folid, by a ipixtar^ of the 
fame materials. 

It appealed reaTonable to'exped that the power of this fait for producing cold, might 
be ai&fted "by the combination with, or addition of, other falts, as has been found to- be the 
cafe in other inftances, to a'confiderable degree ; and, conceiving from my former ezpe- 
ftmeats, that the murjate of foda and nitrate of ammonia promifed the greateft fuccefs ill 
this way, thefe alone producing with fnow a cold of — 25 ^, I was naturally led to com- 
bine thefe with the muriate of lime ; but I obtained no advantage by this, or by any otbf r 
means, worth noticing. *« -. 

In the courfe of laft winter, and the fummer preceding, I repeated my former expeiff- 
meats with more aecnracy ; and likewife made fome additional ones, on the power of mu- 
riate of lime for producing cold with ice, the refult of which I (hall here briefly (tate. , ' 

In order to reduce the experiments made with the muriate of lime to a greater eertaintf , 
I carefully obtained the refpe£live fpecific gravities to which this fait ihould be reduced by 



• VL Vm Mont tried Ae effeft of the cauftic foda (which alone produces a cold of -^ 15*^ with fnow) 
co lMw c d with the muriate of limey and found the effeft increased very coniidenibly. By thit meant, he 
ftyt, '* la aiy new ezperimentt on the eSefts of artificial cold, I have carried it to — > i»3^y old diviiion**; 
{▼is* t^ of Fdircnheit.) ^ does not mention the temperature at which the materials were mtx^ to 
predhm tbb cffift.— M. Van Mons effeftt a chemical union of thele tvro falt# thus t ,he flakes ^ujckiim'e 
with a Cbhition of nmriate of ibdaj this mixture, when become cold, he filter?, and afldrwards evaporates, 
witil when c<Hd it will become fi>lid. AmuUis d$ Chimif, torn. XXI2C. 

Vol. v.— S£PT£MB£R i8oi. G g evaporation. 
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evaporationi before it be fee by to cool, in onler to become follrf, in either tnflanee: tliiu, 

when the laiiriate of j I me is to be of that ftrength which is lo be prepared and ufcd at the 

tetnpeiature of + 32°, the fpecific gravity of the liquor (houM bct at tKe fempcrattiitt of 

■^ 80°, i|450; and when of that (Ircng'b to be kept and ufcd at the ordinary tecDpennite 

of the air at any time, the fpecific gravity of the liquor Diould be I1490. at 80° oftieat.* 

The liquor, whcD fufficiently evaporated, fhould be fet by to cry ft alii ze ; arid the cry- 

.' jlatlized mafst as foon as cold, (hould be reduced to very ^ne powder, in a glafs or(lon>e 

ifnortar. The cnuriaie of lime, in its foHd {late, being a hard brittle fubitance, it is fltcef- 

fary commonly to immerfe ihc veffcl containing it In water fufScicntlj warm to loofcn flic 

naft, in order <o remove it o <t of the vefTel, to pound it. ' ' 

When the muriate of lime U intended to be prcferved for future ufe, the pdwder (hould 

: ^ pntdirffily into a bottle, and clofely flopped from the air; for this fait is extremely 

dcliquefccni, and henc#, a dry (late of the atmofphere fliould be chofcn for preparing it. 
(:i Thefe experiments I fhall divide into two feries-, the lirft of which confifts of thoCe 
made with the muriate of lime prepared fo as to be ufed in viinter only, that is* of the 
ftiengthof 1,450. 
The fccond feries confifts of thofc made with the fame fait prepared fo as to be fceg^'f 
«u!llfe ^ .Ai)T Misc, the ftrengtb of which 19 i)490. V 
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• Muriate of lime evaporated lo the firength of 1,400, gives (If cooled Ilowly in a colttalr, i//x. + 20«) 
pcrfcfl cryftal* ; ihii ii ibc fittcil Dale of the fah for prodacing cold. 

f Thiseipctimeni liebgrepeated, ufing ice-pawUer, (InRead of fnow,) gave— 51* i-^— that Is, ice gtMUmd 
to »My fine powdtr with ihe inftroment defcribtd in Pliil. Tranf. for 1725, pagi28B. (Phiiof. J. I, 498.) 

t C^oeennateJvitriolicacid 8 parts, Waier4parts, and reflificd fpirit of wine I part, nuxed and eoolnl 
prcvituHy 10 the icinperaiute of the air. 

f TTiU expednacnt vfa« made on the :Olh of March lall, and condufltd by a feriw of thr« miiftorct, 
thus. The iiialeriaii for K\it fictmd mixture, tonfifling of mnriate of lime and fnow, feptrated'f^ii nch 
vihfrby an inierver.itig ftmtum of (ine fand, were tooled in a large veffel, having a partition in (he middle 
forming it into two cooipartments, la neat 40' behjw 0, by meant of 3 /ri«r mixture of ibe fame materialt. 
The materiali for ihe /«(.«</ mijiture, cooled as above meniioned, were ill ej I mixed In each compartment of 
ihii double vetTel, and let through an aperture at ilie biHtom of each, (cloftd nil then by a temporary p»r- 
lilion,) into fuch an apparatus a« that reprefenled i> the drawing, which contained the maieriali for the 
lUrdoT lad mixture, eonfiiling of the diluted vitriolic acid and fnow, which had already been feparatelj 
tMltd in their rclpcflivc veflcli, to near 40t below 0, 

Th« 
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f n ^hc.iirft experiment^ the matmsJt were mk^ - 

Jn the fecoit4{^ /die V were preVioudf c^^ hj a miktiire 6f muriate ^ofamiiibtitai'iiitifite 
>of pot-a(h and water ; teqperatar^ of ihh m 52^} 'the TaltV wbieb fdimfld'Ak prcpah 
inixtore being recovered for iife agatiii by Evaporation* 

In the third, they were cooled previoiiily, by a mixture of muriate of alitUcionUy^iittfMe 
ofpot-a(h» fulphate of foda, and water; temperature of the air 50®^ 'And/ 

In the.fourthi by a mixture pf phofphate of foda, nitrate of i^mmoniayatfd diluici^i* 

, inrous add i temperature of the air 49^. f . :?. :^..j. . ;.^ 

. Having concluded my experiments with the muriate of lime and £^, T pfoce^dedto try 

the efie£b8 of this falt« prepared fo as to retain its folid Itate during fumnier^ t^.'of^-the 

. ftreoigth i»490) by folution in nvateri and found that a mixture of this kind^ fffcklwced 

twenty- nine degrees of cold ; for, by adding 5 parts tff the muriate of lime, in'fine powder, 

to 4 parts of water, each at the temperature of -f jfo®, I obtained a^ cold of -I- ar -^this 

ctk€t was not improved by the addition of otbei falts. 

•^ . Thefe experiments were made in fuch an apparatus as I am going to defcribe, which 

may at firft appear new, but, upon examination, will be found to be only a different fno« 

dlfication of the veflels reprefented in Fig. 3 and 4, Tab. XXIII- of Phil. Tranf. for 1795' 

. (PhiloC J. I. Plate XX.) and appears to me to have all the advantages that can be obtained 

tn an experiment of this nature* 
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The thennometer reprdcnted in the drawing was then placed in the tube of the upper veflel ; and, .when 
the fnow was cooled to the utmoft, *ut». to near 70 below 0, the cooled fhow was forced through Into the 
tug containing the acid, the veflels were feparated, and the fnow and liquor thoroughly mixed by^MHns of 
^ tl^e thermqin^ter contained in its glafstube i the thermometer was then withdrawn from the ttibe, anil ftirred 
Shout in this lail or tnird mizturt, whic)i, in ten feconds of time, indicated a cold of 91^ heMw Of 
twenty feconds more elapfed before the therniometer began to rile. The mouth of th^ cup m the! veflel B 
^^ waS; in^his inftaiijee, clofed with wa^edpaper, in order that I might invert the veflel occa/ioitally, ftftenew 
HiCTnixture ia it j and the cupitfelf was coated within-iide with wax> in order to defend ft* f^ixttMe adion 

9t the acid. i' ^'n? 

■'»•*''••■■■'.'•».■ . , 

. * The fame experiment made at + 32*, with fnow, (inftead of ground ice,) gave -i-iO*;' ' ' *•' 
f The CQm^iiiloii and application of thefe frigoriflc mixtures are given in Phil. TVanf. for 1790* ^ 



(T$ ie cpmitkkd in our mextj 



K . 



» 1; J ; ■»■ 



u 



Gii 



• f 



On txlfali'ing Oumjram tht Lid/if. 



M Jo^ (Xfra^i/tg G-J'. 



■Ill' 



//vta. ih4 Liekn, or 






malurit; oi its full fiz^ i«[f„ 

.-.1 

There is rhe outerftiai^',, 



XT does not appe^ from fucb iriali as Lord DundonaM has liicherio mad<r, that theie 
is any very gteal difference in [he produce of gum from the lichen collected Crom 
4iffi:rei»t treca OT Qirubi : all of them anfu'er equally well for yielding a gum (it foi caJico 
priadnj;. The lichen Is moH abanOant on the trees which grow in a poor, ftiS* cljy foil, 
particularly if litoaled at fonic confidcrible height above fea level. It fliould be pulled in 
diy wcalher, otlieiwifc it is apt to break in the pulling ; bcHdes, in i]ii& cafe, Tc<)uiitfig, ^9, 
^. diicd> before it. can with fafety be laid up in the llorehoufe, where* if ptft in 4;E|^ i^ 
niaf be kept for years. Should a fuHicient quantity of it not be found in ihifl CQUo^ffi^.jf^ 
nuy be bad in al*oft unlimited abundance in Sweden, Norway, and in the nonhem partfl 
of America, where it grows to the length of from a foot to eighteen inches, dcprelTmg (he 
bcancLct of the tree by its weight. There is, however, evtry reafon to believe itiat 9 
fufficiciit. quantity is to be bad in this country. According to information from Dr. BrqijTjt^,, 
leQurcroo botany, it takes three or four years in coming 
that a crop from the fame tree may be had every fourth year, 

The lichen does not confid entirely of a gummy maite 
Ctuicle, below that a green refinous matter: the remainder of the plant conGlts of pu>^ 
%\upt partly a matter fomcwhat analogous to animal fublUnces, and a fmali pTOpoiti«Q..<)C{, . 
fibcou& matter, which cannot be diflblvwl by boiling, or the adion of alkaline falls. _i , | \^ 

The (irft procefs in preparing gum from the lichen is to free it of the ouicr lluo.of^^flf 
plant and the refinous matter. This is done by fcalding the lichen two or three lim^S wit^k.,^ 
boiling water, allowing it to remain fo long in the water, as by abforbing it to fwcl) i n^ ^,- 
doing this, the fltin cracks and comes off along with the grealetl: part of the refinous matter* 
Or it may be freed from iliem by gently boiling the Uchen for about fifteen or twenty 
minutes, th^n wafhing it in cold water, laying il afterwards upon a iloue or brick fioor^ 
where it (liould lie foi ten or twelve hours, or perhaps more. The reafon for this is, tlut,,,, 
the expofvre for that time to air greatly facilitates the fubfequent extrafiion of the guoii j, ,1^ 

Tbe fcalded lichen is then to be put into a copper boiler, with a due proportion oC^, „ 
watcTf fay tl>ree Scotch pints> or two wine gallons, to every pound of lichen^ and boilcAi | 

* EAriy in tlic prerent ynr thii Noblemaa convened ihe calico printcrt of Scotland ind comattniaHJUF''' 
to iheni thii important Uifcovery, at a meeting at GlaTgow, where fcveral reijlution* were inadt for thepoirli''"^'' 
pofeof iKuring its adtantages to llic couniry, with a pruper reward to the inveotar. Tbe pxfntlinfitilTff 
waa pdnleU at Glafgow, in Tix pages Huodcdmo, ISOl. The lUtcmcnt which ft^ow) vnt i^.^W)V*i|niin 
by his X-ordllti^, by nliom I wat favoured tivitli batji. ,-,,■. 

•t out g'iitf'* I ' "-'- I . during- 



dming four or five hoursj adding about half ^n ounce or three quarters of an oimce oTfoda 
or pearl a(he8 for every ppund of lichen \ or, inftead of thefe {alts, about bal{ an ^^gli^h 
pint of i^latije ;dkali. .T^c'lSoilnig; fliould-^ eonHnited sntil the liquor acqoiret a con«^ 
fi4crable degree of gummy connftencC. <. It il then \^ be taken out of the boiler,, allowed to 
drain or drip through a wire or hair cloth, or fearfe. The refiduum to be put into a hair 
cloth bag or bags, and to be fq^Qused ia apre£i iimilar to tbau'which it^ tifed by the melceis 
or tinders of tallowi ,- ., ,,: --..v: ,• ' 

The firft boiling does not extract the whole of the gum. ■ 13ie iibhtfU fhoUld'beboifed . 
a fecOnd ind eveiii a third time» repeating xhe proaefvaaaboile*. dafcribM, ^tKiiiiniilmig^^ 
each procefs the quantity of water and. the quaniity ^f.alkidi>i'vi^d^aliltkexpelSence ^l' 
foon point out. When three boilings arc employed, .dir gfummy extract of fhe^laft Boilihg 
(hould be kept for the firft boiling of a fjreth ba^ch of licheQ. The extrafi proce^mg from^ 
tfie (irA ahd'fecohd boilings ihould be mixed togcthert. and evaporated to the confiffehce^ 
neceflary for block or prefs printing*. The^ evaporating ve£fek ihoiild be of tin ok thiii le'sttf 
pFa^ed over a range of (loves and moderately heated by fire or the fteam of water. 'It haSx 
been neglefted to ftate, that before evaporating the gummy extract to the confiffiehce 
tt^ceflaiy, It (hould be kept ten or tv^elve hours, fo as to aI)ow the fediment or dregs tb 
iUblide. The clear liquor may either be drawn off by a fyphon, or the dregs may be drawn 
off by d cock at the bottom of the wooden veffel ; the .bpitom of which (hould be inad't^: 
flopingi higher at the back than the fore part, in order that the dregs may run more com- 
pletely off. The proportion of gummy matter remaining in the dregs may be got off Vf 
miljcing them with a due proportion of boiling wate^t allowing the liquor to clear, and:' - 
prdcefeding as above . dire£led> employing this* M^ak folution for boiling the next ImtcH 
of lichen. 

The re(Tduuhv of the llcfien, after the third boiling, Qpn(i{ls of a matter fomewKsl: 
anatggou^ to that x)f animal matter,, together with a proportion of the fibrous matt^ [' 
of the pladt* From the animal n;utter a kind of foap may be made*. The procefs isaih 
follows : 

Let a TmaU proportion of pounded rofin be diilblved by boUing in a folution of alkaltii£ 
falts. ' When the rofin is diffolved>. put in a certain quantity of the refiduum of the liefaSo^/ 
and xontihue the boiling until this laft article is. pretty well diflblved; Then add abou^li 
pound or a pound and a half of white foap ihaved down or cut into thin dices to etery i^ii. 
pound weight of the re£duum of the lichen. Continue the boiling «^ltiI the white foap li' 
fully diffolved. Then pafs the fpapy folution through a hair (ieve or hair bag. . Let.tl;^ 
foap. pan then.be cleaned out and thefoapy folution returned to the. pan, to beboiled.to tj^* 
confidence- neceffary.. A kind of foap very fimllar to this may be niade from Tea weedi aa^ 
\vell;as from feveral other articles*. Of this ^nd of .other matters, faifhjyjmportaat tocalwo* 
^ prinfrfsv a mdtt ftilLand detailed account will be given, in. a future ..publieation*. "^iVliefi 
guni. frona. the lichen ia to be employed for. making ink,, manufa^uring^and ftainiog paper 

and 
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and fer ftifTening Gtk», crapes snd gauzes, it flionld be extraflcd from the 

employing any alkaline falts, continuing the boiling or digeftion longer, and witli • 

moderate degree of heat, in which cafe the gammy extract will be nearly colourleb. ' 

When volatile alkali k ufcd, the boiler fliouM be of iron, as volatile alkali a£b on 
copper. 



Siatenunt of ike Benifits and jfSvmitlges tt enfiu to 'itiiivlduah and lo the United Kingdom of 
Great Britain and Ireland, from Ltrd Dundomald'i Difcovery tf exlraffing Gum /rmn tit 
Liiften, or Tree Ala/i, as a Suhjiitute far Cam Senegal, and other Pareign Game, 

Gum Senegal) or other foreign gums, have hitlierio beco indirpcafably reqaiCce f<oc 
fine goods, and thofe of light (hades of colour. 'T" 

' Ko proper fubftitutc had been found to anfwer for this pan of calico prinfifl^/ anil 
Lord Qundonald difcovered the preparing gom from the lichen. r,\.^^ 

Gum Senegal, and foreign gums, are at times fcarce, and difhcull to be procurCdi ^ ** 

The fcttlement of Scnagambia belong* to the French. They have a monopoly of gujjb 
Senegal. The price fmcc the war has rifco from 150I. to 4001. per ton. ' 

Gum from the lichen may, all charges included, be prepared at oncfourteenth piit -Af 
the prefent price of gum Senegal, and atone-fisfli of the peace-time price. mi up 

The United Kingdoms may now be faid to be independent of foreign Itatea ferd»gtdn 
rtquilite for their manufaflurcs, fuch as calico printing, preparation of ink, ftaintng and 
manufacture of paper, drefling and (liffening (ilkir, &c. &c. And, in confet^Dence of 
Lord Dundonald's difcoi^ery, large futns of money formerly fent abroad for the purcfaafe of 
guiR) will, in future, be faved. 

Starch and wheatan Sour have hitherto been ufed as cheap fubftiiuiea for gttb%']ii 
{■Tinting coarfe goods, or to fix on other printed goods, the mordants, and (etoe of tfte 
dyeing materials, for deep fhadcs of colour. But there is now rsafon to exp«d, wgam 
from the lichen will coft lefs than thofe articles, particularly Jlarchf it will be nCed in their 
ItCad, and fo prove the means of favlng, or oeconomizing a coBfiderable propottlon of 
wheat and wheatcn flour, at prefent confumed in calico printing. i 

The collecting the lichen fiom the fored and fruit trees and hedges, will glv« vo^loy- 
ment to a number of poor people, principally women and children. 

A cheap fupply of gum from the lichen, may perhaps, In fcversl manufaCtuKct, faperfcde 
the ufe of the higher priced article of glue or /ize, which often has a vfiry dilagNeaWe 
fmcll. 

Gum from the lichen, may perhaps, be ufed as a drefling in weaving, particiilariyflwt 
goods, cither by iifelF, or when made into a kind of fbapf aecorilfng to diiv£Uoi^'^fta 
in a feparate publication. ■ t»?^j«.A''J*iiiJ:;i1iJj ilTO'iV.f^irWlIX"' '' 



HiiLMji:U:k jmtbAhihutM the beiK(6i$io.enrtLe irpmrdif 4UiN>Tfi^^^ 
it9knth9 Hchcf^fG»t notfielfbave)O0Gitm(4f ill being wfiU knpip^fV} tlud^e^poait pic^^- 
coverydilt ialnocjlscpareat or fitter of'ii^oi^Otbar* r .1 
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On the Nature of Galvanifm^ EleEtridty^ IJeat^ the Compofition of Water ^ and the Theory of 
. . Chemiftry. By a Correfpondent. 

• ••' '■•••■,■■•■' ■ :•■ Td-Mit. NICHOtSOlSi- • ■ •• ■•'■■ •••■••■•••■■ ■■■ ' 

SIR, 
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H£ a»of€ C conCder the^o£|}eAton8 which I ftarted refpe£ttng the ezpTimatba oTtlle 
phenomena on the application of the influence from the pile of Volta to water Mf meant 
•f wir^ thfO-mott am I convinced that the fyften^ of chemiftry, according to ilL Lan»6er, 
.16. not applicable lo the appearances which are continuaily prefenting<tfaem(elYes« Howcrer 
diat fyftem may be fanAionei and fupportied'by ihc confeni of eminent philofophecs, yet I 
aro(i that-iq fitery diCcuflion of* fubjedt of natural pbiloibphy, the iaodable defire of ac^ 
quiring truth will ^^mtweigfa any prefumptien which may appear in an oppofitioa of-, fnph 
^▼oured ^loAri^es* 

The communication from Dr. Babington, whfcb appeared In yoor late Journal (IV. 5 ii\ 
^raa< dreifiiw^ It ckaily prorea^, wKat I had ventured to fiiggeft, that water la not com- 
\ P <<ip d '-o/ the bafee ^omgeoand hidrogen air* If the twqgafea fepaiatedirom water by the 
pile were coilet^ed; andthehidrogen air burnt in the ozigenairf would, not in thatinftanet 
ithe twp kinds of elddrieity be converted into ordinary cuKnary fire? It, appears that on 
burning thofe airs together, the water, when collected, has loft none of its weight; if (o» 
idoes not the fire produced originate Arom the pofittve and'negativo eledricitie»? If wMcr 
^Sa^AOtdeoompofed'by the piicy whence comes the bidrogen ? Hidrogen not being a coo^^ 
ponent part of waterir its Aame furely ought to be changed* If the original "weighl a^d 
quantity of water be again coUeAed after the oombuftiOA ofi.thDfe airs» which havebi^n 
fupp^fed to. be its conftituent prindplev^by. what p/ocefis oi reafoning can we aflent to the 
bafes of thofe airs being peculiar elements or radicals- If the matter of heat were a fimple 
yody» and if the gaieoos ftate of thefe radicals depended on the greater capacity t^cy.-haFe 
for calorici whence comes the difierenoe obferved between them when they are becoming 
fixed ; and why>does-one kind of ete£)ricity invariably produce the fame air ? The foU^* 
iig as th« manner/ in. which the phenomena of the folidi*ltq.uid|'<and^gafeottsftatesof.faQdiea 
are jdeficEtbed according jto the theory of M* L^Toifien . 

AH bodies, from their combination with caloricj may exift in threa difierent ftates,, which 
lefttltfrom:: ~ 

u The 
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1. The power of atiraftion by which bodies cohere. 

2. Tlie quantity of caloric with which the fubllAnce is combineiL 

3. The grcaicr or Icfs preiTure of ihc atmofphcrc. 

Xh'/ meaiig by which a folid bod; may be convened into a liquid «re thecefoie 
t. A combinaiion with a new and fuiHcient quantity of caloric. 
2. An union with another body already liquid. 
A liquid is changed into the line of ga« , 

1. Dy being combined with a quantity of caloric fufiiciciit to equipoiCe the prelTuK of Ae 
atmofpherc. 

2. If (he prcJTurc of the atmofpliere be cither fulEdently diminifhed or totally leoiOTeiJ. 
According 10 this fyftcna, therefore, there exifts no difference between gafeous bodies 

but from the dilTcrence of their rcfpeftive bafes; the caloric is commoc to all. YThf* 
therefore, does oxigen air, when united during combudion with charcoal, gire oat fifC 
with flatDC, whilft other gafcs, even w)ien inftamly changed into a foltd, girc out oftly 
IieU i Or wl^y is one yorllon of water From the pile wholly converted into oxigen gu? 
The oitnui iide ceruinly cannot form a gas by abdra^ing Urc, even though it Jlioold be ia 
the ftate of. elcaricity. 

It appears, therefore, that the theory of M,. Lavoilier is defe£l:ive, in as far as it pnnei 
fieSiher ilie dccompofition of water, nor the nature of pcrmat>ently eladic fluids. 1 caaid 
bring forward many experiments in a new form to prove the fallacy of the fyftem of 
Vi. Lnvoifier, but we have already fulBdent fa£ts before us to demon&rate apoa what a 
flight foundation it lells. . 

The explanaiion of moft of the phenomena of chemillry it involved in this difcoSoo. 
The nature of the atmofphere and of vapours, combullion and all the appearances of Ijgkt, 
heat and electricity, chemical foluiioni decompofition, &c. in Ihort, the whole fydem ot 
M. Lavoifier totters, fin^e we know that water is not compofed of the bafcs of oxigcs and' 
hidrogen air. 

As 1 mean this only as a notice, I fh^il not infift further at prefent on the fubjcf}. Ail 
mean to puifue it fyHematicaliy and by experiment, I hope 1 IhalL not intrude too Sudl 
upon you by occaGonally fubmitting to you the refulte of my inveCligaiions. 
I have the honour to be 

Your obedient humble fervant, 

AN EXPERfMENTAUST. 
Mareh 7, 1801. 

P. S. I Bnd that heat is ealily decompofed, and that the Galranic infiuence may -be io- 
tached from a very great variety of fubllaaces.-* 

• I am foiry to be under the neceflily of apologizing 10 thii ConefpooJeM for the Ute appnnuicc cf hii 
letter, which wai nfcaHoned bj Us having been placiid by tniOakc amoog fitiae oibet' papcri of ■ diCEercni 
nature.- -N. 
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VII. 

l^oikc refpeaing the mw Mithod ^f BUachhig^ and ki Aj^pKcation U the WaJInng of Linetk 

Garments. Bf CtTJZEK CbaptaI.^ 

J[ WENTY months ago I communicated to the Inftitutc a proccfs, no Icfs Gmplc than 
economical, by means of which cotton goods could be bleached in a very (hort time. 

This proccfs was fpecdily rendered public by the journals, and the Englifli s^vailed them- 
fel^es of it to fuch advantage, that, a (hort time 'afterwards, it was adopted and brought to 
perCedion in the capital manufadory of linen whiph exifts ih Ireland, t 

The fucccfs of this procefs, in the hands of a rival nation* has awakened the exertiooSt 
and excited tlie intereft, of fome French manufa£bufers. Citizen Bawens, proprietor of a 
staanufaftory of cotton-yarn and piece-goods, at La Barriere des bons Hommes, applied to 
Aie for information refpe^ling this proccfs. I gave him the dimenfions of the apparatus^ 
and the conftru&ion was intrufted to Citizen Bourlier, a diftinguifli^d chemifl:, and pro* 
prietor of the fal ammoniac work at Gros-Caillou. The firft experiment, which was made 
xn the works of Bawens, was performed upon 2000 metres of cotton in the piece. The 
fefult was fe advantageous in every refpe£):» that Citizens Bawens and Bourlier aflbciated- 
together to form fimilar eftablifiiments in various parts of the Republic. Citizen Bourlier 
is at this inftant in Belgia, where he has eftsibliflied works of this kind to fuch an extent, a$ 
to be able to bleach a large proportion of the goods which are manufactured in that 
country. 

I muft obferve that the procefs which I have defcribed has been Gngularly improved by 
Citizen Bourlier. He has contrived eafy methods of turning the goods in the apparatus, 
and prefenting all their parts to the vapour. He has found that linen requires in fa£l only 
a weak ley ; but that it is neceffary to alternate the aflion of the ley with that of the at- 
mofpheric air, in order to bleach completely. He has fucceeded in giving a degree of 
whttenefs in two or three days to the coarfeft goods which the ufual procefs of the 
bleachery could not communicate but in a much longer time, and with more expence. 

I have the honour to prefent to the clafs famples of dimities and cloths bleached 
by Citizen. Bourlier, It will be feen that the colour is equal to any thing which has hitherto 
appeared in the market* 

I (hall not enlarge more fully on the advantages which commerce muft derive from thia 
method, but (hall confine myfelf to obferve that the 6rft esperiments. which are always the 
moft expenfivc, did not carry the price of bleaching to more than half the ordinary price. 

# 

• Annalc$ dc Chimie, XXXVIII. 29-1 1 , 

t The details, of this metbed may be fccn in a work of Citiscn D'Orclly, Entitled, " Effai fur Ic 
Blanchiment;*' (oM by 0llerville, Rue du Battgir, N^ 6, at Paris. 

Vol. V. — September i8oi. H h I have 
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I have no doubt but that linen garments may be bleached to advantage bythe fame pro- 
cefs ; but as it was neceflary to bring thcfe notions to the tell of experiment^ I invited 
Citizen Bawens to allow me to make the experiment on a large fcalo with his apparatus. 
Accordingly, on the 27th Pluvoire, in the year IX. 1 had 20C pair of (heets from the 
hofpital of the Hotel Dieu at Parie, chofen amoDg thofe that Were moft foiled, and taken 
to the manufactory of Citizen Bawens. 

Three experiments were madcL upon thefe flieets. 

Experiment 1. One hundred and thirty (heets were impregnated with a cauftic alkaline 
ley, containing one hundredth part of foda. They were kept for fix hours in the engin^of 
fteam ; after which they were impregnated again^ in order to be placed again fix hours in 
the fame machine. 

The fame procefs was repeated a third time ; after which (hey were carefully rinfed^ and 
no fpot of wine, greafei bloody or animal ejedioBi was to be feen. One qtiaiter of a 
pound of foap was ufed in rinfing thefe cloths. 

Ail the afEftants were convinced that the ordinary procefTes would not have {^veo cither 
fo perfect a white, nor fo agreeable a lixivlal fmelK 

The texture was in no refpeft altered. 

Experiment 2» The alkali^ie ley contained only fix parts of foda, bot fiVe pounds of' 
foap were alfo added. The cloths were treated in the fame manne.ff . and the rcfults. ap- 
peared more advantageous. They were more eafily wa(hed out. 

Experiment 3. To the bath of the fecond experiment a fufEcient quantity of new ley war 
added. One hundred and forty flieets were treated like the precedingi and tlie refult w»s 
the fame. 

It mud be obferved that the water of the Seine> in which thefe Aeets were rinfedi was^ 
at that time very yellow. 

This experiment appeared to me to offer feveral refults worthy the attention of tbe- 
Inftitute. 

In the firft place the procefs is economical. Two hundred pair of (heets, which were 
bleached by three fucceflive operations>.demanded an expenditure, according to the accoun^ 
furniflied by Citizen Bawens, which is in the .proportion of 7 to io» compared with thdt 
commonly made in the hofpitals. This expence may be reduced to lefs than oncsptEuid^ if: 
a fuitable place and apparatus were appropriated to this ufe. i 

2. Two days at moil are required to complete the operation. This oeconomyof time'* 
18 incalculably beneficial. 

3. The linen is neither changed nor torny.asitpaffiss through die hands cnly-onee^ and ■ 
it is of no ufe to beat it. 

4. The extreme heat to which the linen is expofed in the apparatus, caufes its texture 
to be penetrated by the alkaline fluid to fuch a degree, that the fubftanccs with which it is - 
impregnated cannot be mafted from its aftion-, fo that the putrid, exhalations, and other 
fubftances attached to its texture, are nece{ftrily deftroyed or Ranged in their nature. 

Tliis 
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This effecl muft be mpre partici,|br]y feen with regard to Its valuer bjr phyHclans, who 
are aware with what facility the feeds of various diforders are perpetuated in hofpitals, 
and how infuflicient the greater number of proceHes ufed in wafliing linen have proved to 
dcftroy them. 
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Notice relative to the GadoUnlte. By CtT. Haut. 

JL his fubftance was difcovcred at Ytterby, in Sweden. In the year 1794* M. Gadolln 
announced the exidence of a new earth ; and his af)ertion has (ince been confirmed by M. 
Ekeberg's analyfis of that fubdance, to which he has given the name of GadolinitCi ia 
honour of the difcovereri and he has denominated the new earth Yttria, a name derived 
from the country where the mineral that contains it was discovered. 

From the defcription publifhed in the Journal de Phyfique for Frudidor) 8th year, it 
appears that the Gadolinite has a tolerably perfe£l black colour ; it breaks in an imperfe£k 
conchoid form \ it is brtlliantf and its polifh is vitreous \ its fpecific gravity ;s alfo con- 
.fiderable. 

To thefe external characters may be added others of a phyfical and chemical nature, 
already in part known, by which the Gadolinite is clearly di(lingui(hed from fome other 
minerals to which it refembles in its afpe£i:, particularly the vitreous lava denominated 
lapis obfidianus. Its fpecific gravity, which Cit. Hauy has found to be 4,0497, is greater 
than that of the above-iTcientiooed lava, nearly in the proportion of 5 to 3 ; but it is lefs than 
.that of black fulphurated uranium, called pech-blende, in the proportion of 2 to 3. The 
Gadolinite likewife, when reduced to powder and put into nitric acid, diluted with watprj 
is difcoloured on heating the acid, and converted into a kind of thick jelly, of a yellowifh 
grey colour. According xo the obfervations of Cit. Lelievre, the Gadolinite, when ex- 
pofed to the flame of the blow-pipe, decrepitates, and emits particles apparently inflamed: 
but if care has been taken to ignite it by the flame of a candle, it does not decrepitate : it 
acquires a red tinge, intermixed with white ; cracks, and does not melt, unlefs the frag« 
ment be very fmall. The Gadolinite a£b very fenCbly upon the magnetic needle, but 
Cit. Hauy has not difcovered that it has poles. 

M. Ekcberg obtained from the Gadolinite 47.5 parts of Yttria, 25 of Clex, 18 of iron, 
and 4,5 of aluoune : the lofs was 5. Cit. Vauquelin, on repeating this analyfis, found 35 
parts of Yttria, 25,5 of filex, 25 of iron, 2 of oxide of manganefe, 2 of lime, with a lofs 
of 10^*5, the caufe of which he inveftigated, and attributes it principally to the water con- 
tained in the Gadolinite, and to a fmall quantity of carbonic acid. He obferved that the 
.new earth has fome ,sinalogy to glucine. Like that fubftance it forms faccharine folutions 
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with acids, but their tafte Is rather more acrid, and more neatly rcfcmbles that of folutlons 
orieacl. The Yttria likewifc differs from glucine, becaufe it i* not folublc (like the latter) 
in caudic alkalies; and becaufe the fait which it forms with the fulphuric acid, indead of 
bcin^ foluble, as it is when glucine conftitutes the bafe, is on the contrary fcarcety at all 
foluble; and, ladly, becaufe it is precipitated from its folutions in the acids by the pruiFiate 
of pot-afh, which does not take place with glucine. 

The pieces of Gadolinite treated by Citizens Vauqucjin and Hauy, for the purpofe of 
ascertaining the nature and charaders of that fubftance, were prefented to them by Meffrs- 
Abildgaard, Manthey^ and Ntergaard.. 

5oc, Philom, No, 44, ^a, g^; 



Note relative tothfi new Earth denominate rttria. By M. KlAPJiora.' . 

THIS earth, which contains Gadolinite, not only poflkffes th« common property of 
glucine, of forming falts of a fweet tafte, but it alfo readily diffolvcs in a folurion of car- 
bonate of ammonia. Ti neverthelefs has peculiar eh'ara£l&rs, which, diftingnifhlbg it horn 
the earths, renders it in fome degree fimirar to the metaHie oxides; With' the fulphuric 
and acetic acids, it forms cryftallized falts, of a pak rofe colour : it is precipitated from its 
combinations By tannin and by Pruflian alkali. 

The proportion of Yttria in the Gadolinite, ft'atedty Ekeb^rg, is notTery exaA: Tbt 
caufe of this may probably be attributed to the method he employed to feparate the Yttria 
from ferruginous fiibftances, which' induced him erroneoufly^to nnagtne that the fulphate 
of Yttria is not decompofed by fire; This decompoffltioni however,' does take placej but 
not fo readily as that of- the fulphate of iron. M: Khiproth has afcertained by his analyfes 
that Gadolinite is compofed of 21,15. parts of filex^ 18: of oxide of iron, 59,75.- of Yttria, 
and 0.50. of alumine. This fmall quantity of aluminous earth is probably merely accidental 
and perhaps proceeds from fome particles of feld-fpath accompanying the Gadolinite. 



Note onfltiated Alumine and Phofphate of Copper. . 

M. KLAPROTH has completed the analyfes of the filiated alamlhe, named Chryolite of 
Greenland, It conGfted of 23 f parts of' alumine, 36 of foda, and 40 j^ of fiuoric acid 
and water of cryftallizatlon. He confiders the difcovery of fbda in ftony foffils as parti** larty 
remarkable. It is at leaft the firft inftance of fo great a quantity of tfaisallcdi being foxind 
in a ftone, or rather in an infoluble fait. 

Cit. Vauquelin has repeated the analyfes of fiuated alumine. The refult was^ altiinihe 
21} foda 32^ fluoric acid and water of cryftallization 47; This chemift'^obTenrcSj that in 

the 
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the alumine ms^t difcovcred five parts of a fubftance having an earthy appearance, but 
which does not form alum, and is apparently infoluble in the acids. He conceives this 
fubftance may be filex. 

M. Klaproth has alfo difcovcred a native phofphate of copper, and is at prefent employed 
in analyfing this new combination of the phofphoric acid. 

*Ji* Tl^e two lajl Articles jjijere communicated by Letter from Klaproth to Fauquelin, Bulletin 

des Sciences, No, 45, Frimaire^ IX. 



On a new Manner of preparing the Acetic Acid. By CjT. BADOLLTERi Apothecary 

at Chartres. 

t 

THE procefs of Cit. Badollier confifts in diftiliing » mixture of equal parts of fulphate 
of capper and acetite of lead, .on the :fand bath, in a glafs retort adapted to a receiver. 

To examine the produce, Git« Badollier made ufe of the pneumato-chemlcal apparatus. 
During the operation, he obtained only a fmall quantity of elaftic fluid, which he found to 
have proceeded from the dilated air contained in the, vcfTels. This air, tried by the ufual 
tefts, aflForded no indication of carbonic acid. As he prefumed that his acetic acid might 
contain a portion of fulphuric acid, he tried it by a folution of the muriate of barytes, 
which did not caufe any precipitate* 

It muft be obferved, that the diftillation is fpeedlly made, and requires a very moderate 
heat; and. the acid thus obtained poflfeflfed no empyreumatic fmell ; that the quantity, as > 
well as quality, were equal to thofe obtained by the diftillation of the acetite of copper ; 
and that there was not) as in the old procefs, a portion of decompofed acid, communicating 
a difagreeable fmeU to tht whole produfll Oh account/ of the time and fuel faved, tlve 
price of the acid prepared by this new procefs, is to that obtained by ihe diftillation of the 
acetite of copper, as i to 4*. 

Annates de Chimie^ XXXVIIi 1 1 1 . 



Oft the Pho/pAore/cent Propertiis of the Medullary Suhflance of the Brain and Nerves ^ extra^M 
from a Memoir of CiT. CAtJkKKl^^. read before the National hiftitute, 

IT is well known that phofphorus is derived from animal matter. It is alfo indeed 
found in the mineral kingdom ; but it may be queftioned whether its origin, like that of 
calcareous earths, may not always be. referred to animal recrements; that at leaft which is 
the, dircft product of thefe recrements^ may be conGdered as the immediate efteft of 
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fenficiFe life, as a refult of the changes which the animal folids and fluids are fufceptible of 
undergoing, or as one of the (tmple fubftances which they poflefs the peculiar property 
of aflimilating. In the bodies of animals which are undergoing decompofitioni phofphorus 
appears to enter into a flow combuftion. Without producing real flame, without at lead 
the power of igniting combuflible bodies in its immediate vicinity, it becomes luminous* 
and thrown out flaflies of light amid the furrounding darknefs, fufficiently vivid to afford 
fome real foundation for the exiftence of thofe phantoms, which people are at once 
deGrouSi and afraid of feeing, in the neighbourhood of cemeteries* The brain .and its 
appendices, or rather the nervous fyflem in general, appears to be the peculiar refervoir of 
phofphoius ; for it is the incipient decompofition of the cerebral pulp which gives rife to 
thofe phofphorefcent lights which, during the darknefs of the night, are frequently ob« 
ferved in anatomical theatres; and it is chiefly around the brain ezpofed by being deprived 
of the natural coverings, or the fragments of nervous matter lying on the tables, that they 
are perceived. A variety of obfen'ations have led me to conclude that the quantity of 
phofphorefcent matter developed after death, bears fome proportion to the a'Aivity of the 
nervous fyftem during life. I think I have noticed that the brains of perfons who have 
died of difeafes marked by a ftrong augmentation of this a£Hvity, gave a greater, as well 
as a more vivid light. Thofe of maniacs are peculiarly luminous ; thofis of JropGcal and- 
leucophlegmatic fubjeOis much lefs fo. 



C^mbttfttGn of Metals by Galvant/m, 

PROFESSOR Tromfdorf prefented to the Eleftoral Society of ufeful Literature at 
Xrfurth, April 8th, a Volta's pile, and exhibited in the prefence of the Prince Bifliop dc 
Conftanz, fome experiments, part before known, and part new. 

The pile of Profeflibr Tromfdorf was built up of i8o pair of plates^ of zinc, copper^ and 
wetted paper. 

The (hock which this pile was capable of giving was very ftrong, and the fpark conH- 
derable. 

Profeflbr Tromfdorf, after having fliewn the produ£lion of hidrogen, and oxigen gas, 
the oxidation and de-oxidation of metals, &c. exhibited the combuftion of mctalS) both 
perfect and imperfect; a fa£l hitherto unknown to us-. 

A leaf of fine gold, after having been affixed to the zinc fide of the pile, took fire, and 
burnt with a craclcling noife, when the wire of the copper (ide was brought in contatl 
with it. 

A leaf of fine filver took fire in a fimilar manner^ and burnt with a green flame; bra(i 
burnt reddifli brown; laminated copper, emerald-green; zinc, whiti(h-bUie ; tio>.jKd- 
dilh-white, &c. 

3 I«^ 
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In order to infurc fuccefs in the exhibition of thcfc experiaients, Profcflbr Tromfdorf 
remarks, that the metals ihould be rolled out very thin, though he does not doubt that a 
larger pile would be capable of inflaming larger maffcs. 

To prove that the accenfion of the perfect metals is a true oxidation, the experiments 
may be performed in a hollow glafs fphere; the oxide will then adhere to the Cdee of the 
glafs, and may be colle£led. 

f rofeffbr Tromfdorf is now engaged in the conftru£lion of a larger pile, confifting of 5 
or 600 pairs of plates. 

Algemeiui Littratttr Zfitung'L'KSJSW^* July 16 ^ 180 1. 



THE combuftion of metals bygalvanifm has alfo been effe£led in a fomewhat different 
way by Fourcroy in France. An account of this experiment was given in the Moniteur 
about two months ago ; but as the fet to which I have accefs appears to be defe£tive for 
want, as it ihould appear, of this very Paper, I mud, for the prefent, give the particulars 
from rccolleflion. A pile of plates of zinc and Clver fix inches, or more in diameter, and 
confifting of na more than fix plates of each metal, was con(lru£ted in the ufual manner* 
It gave little or no perceptible (hock, but the galvanic dream, when paffed through fine 
wire, ignited and difperfed \U The mod remarkable fa£l in this exhibition is, that the 
iame furface.formed into a pile with more reiterations *, as for example, when the plates 
were cut into four, and condituted twenty-four repetitions, gave drong (hocks, but did not 
exhibit the combudionof wire.. From this curious incident we derive a law of galvanifm 
before unknown, which is not only in itfelf very driking, but will tend to improve our 
knowledge of the ele£tric (hock, if ele£lricity be the fame as galvanifm, or to mark their 
differences more effeflually, if the contrary pofition (hould hereafter be rendered probable. 



Galvanic luminous Signs of the two EleBric Powers. 

MR. CruicklhaDk of Woolwich, has favoured me with an account in converfation, of 
the fla(h of light attended with noife, which he obferved many months ago, and mentioned * 
to me formerly in a letter, from which an extra£l is given at page 80 of the prefent volume. 
The apparatus made ufc' of to produce the galvanic current is there defcribed, namely, 
two troughs, confiding each of lao pair of plates of zinc and filver, foldered together all 
round the edge. If the communication be made from one end of this fydem to the other, 
by means of a wire having one of its extremities plunged in the fluid, fo as to communicate 
with the zinc face, and the other extremity of the wire be applied to the fluid at the end to 

which • 
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which the furfaces of the filver plates are oppofed, a flafh or brufh of lighti viGble in clear 
fun (hine, is feen upon the furface of the water at the moment of conta£l: or immerfion; 
attended with a noife exa£lly fimilar to that of plunging a red hot wire in water, and ac- 
companied with an ebullition o£ the fame kind, as is produced fay fuch an immerGon. The 

< 

length of the brufh is about half an itich, and, the noife may be beard acrofs a room. On 
the contrary, if the permanent coi)ne£lion, or immerfed end of the wire be at <the fil\rer 
end, or that extremity which would feparate hidrog^n from water, and the appHcatton 
or conta£^ be made to the fluid at the ^inc or. oxigen end, nothing is feen but a 
fmall globular fpeck of light, fcarcely vlfible unkfs the machine be very powerful at 
the fame time that there is very little eiFervefcence, and no noife at all. 

From my experiments at page 184 of the 4th Volume of this Journal, which 
have fince been repeated and varied by numberless operators, it Is determined that 
the zinc or oxigen fide imparts the plus (late of ele£tricity, and the other fide the 
.minus. The point of the wire was therefore jflus when it gave out the luminbus 
brufh, and minus when the fluid was filently condufled. This property of the two 
eledtricities was long a^ fhewn by Franklin, and from fome new fadls refpe£iing the 
operation 6f low points, -was applied by myfelf to the conftrudion of an inftrument 
called the Diflinguifher of £le£tricity, of which a drawing was publifhed in my Intro* 
duftion to! Natural PhiloTophy about fourteen years ago. The courfe of eleftricity from 
a battery, that is to fay, of a large quantity at a low or moderate intenfity, along the 
furface of fluids or moid fubltances, was the objedl of a feries of experiments many years 
ago by Dr. Prieftley, which he has publilhed in his'Hiftory of Eledricity. Dr. Wollafion 
has communicated fome very efl^e£live experiments to the Royal Society, by which the 
identity of the eledrical and galvanic powers appears to be placed beyond controverfy, an 
account of which will foon be laid before the reader. 
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ARTICLE I. 

Xitu Theoty cf the Conftitutun tf mixed Aeriform Fluids, and particularly of the Atmcffhere. ■ 

By Mr. John Daitoit. 



To Mr. NICHOLSON. 
SIR}. 



A 



T the period when the mechanical properties of the air were firft afcertained, by the 
invention of the air-pump, &c. the atmofphere was underftood to be a homogeneous finid, 
exclufively poflefling the property of permanent elafticity. Experiment determined that" 
the elaflic force of air was accurately as its denGty, in a given temperature. This fa£l: 
afforded a datum from which the law of repulfion of the corpufcles of air could be calcu- 
lated. Accordingly Newton demonftrated, (Pnncipia Prop. 23, B. i^) that an homoge^ 
neous elaft'ic Jluid pojfejjifig a force in propGrthn to its denfity^ is conjiituted of particles repelling 
each other by a force decreaftng dircElly as the diftance of the centres of the particles from each 
$ther. This refult is« I believe, univerfally allowed as unqueftionable. Modern chemi(ti;y 
however) demonftrates that the atmofphere is not an homogeneous fluid ; it is conftituted 
of y^v^fW elafiic fluids, poflefling di(lin£l properties; but as they all agree in claflicity, 
that is, in tJxir particles repelling each other by a force decreaftng as their diitance, it fc^ms 
to have been tacitlj^admitted by modern phklofophers, that the fame law of repulfion takes 
place between two particles of different fluids, as does between two particles of the f^^me 
ftuid. This admiflion, I conccivej has been a moft unfortunate one^ and the caul'e of 
VuIm V.-— OcioBEK 1801. li. muck 
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needed not to have taken place. 

There may \itfour fuppofitions in refpcft to the affcftions of the particles of one claftic 
Buid towards thofe of another : 

!• Particles of one elaftic fluid may repel thofe of another with the fame force as they 
repel thofe of their own kind. 

2. The particles of one may repel Aofe of another with forces greater or lefs than that 
exerted upon thofe of their own kind. 

3. The particles of one may poflcfs no repulfive -(or attraftive) power, or be perfeftly 
jnelafUc with regard to the particles of another; and confequently the mutual a£tion of 
fqch fluids^ or the 9^iQn of thf p:urticlcii of ona fluid ODt tbofe of th^ #(hp^ will be CnbjeCt 
to the laws of inelaftic bodies. 

4. The particles of one may have a chemical affinity, or attraction, for thofe of another. 

Let us now conGder the confequences refulting from each of thofe fuppofitions: accord- 
ing to the firft, if there were two* gafes J ^d B^ the particles of which were of equal 
fpecific gravity; then if wi meafures of -</ were mixed with n meafures of -S, in the pneu- 
matic apparatus, and under atmofpheric prcfTure equal to 30 inches of mercury, the two 
f;afes would occupy m '\' n meafures of fpace, and would remain in fuch circumftances as 
they were at anytime placed; that is, either intermingled or feparate: but if ^ was of 
lefs fpecific gravity than B^ A would occupy the upper part of the veflcl, and the volume 
of the compound continue the fame as before. The preflure on each particle of the mix- 
ture would be the fame in both cafes, and equal to 30 inches of mercury. 

According to the fecond hypotheiis, if the particles of A had a greater or lefs repiUfioa 
to thofe of B than to their own, ftill m meafures of A with n meafures of B^ would oc- 
cupy m -|- n meafures of fpace, and the preiTure on each particle be the fame, and equal 
to 30 inches of mercury. But the fluids could not be mixed, unlefs the repulfive powers 
of their particles were as the cube roots of the fpecific gravities of thofe particles ; pry 
nrhich amoanta to. tKe fame thinp^, unlefs the two fluidls were of equal fpecific gravities. 

On the third hypotheGs, if m meafures of ^ be mixed with n meafure* of j?, the two 
will in this cafe likewife occupy m •\' n meafur«s of fpace ; but the two fluids^ whatever 
their fpecific gravities may be, will immediately or in a fliort timus, be inticQately diiTufecl 
through each other, ia fuch manner that the denfity of each, qonfidered abftra£tedly, will 
be uniform througiiout; namely (calling the denfity of the compound, unity) that of A 

will be , and that oiBiz .-*-^ — ; bccaufe, meeting with no repulfion but what 

arifes from particles* of /^y2>/;ff ibW, they will diflTufe themfelves through any' given fpaicti 
occupied by a very rare medium, in the fame manner as they would da in a vacuum) each 
particle being impelled as far as poflible from its neighbouring particle ; only the diiFofioa 
of-^ch may be a little retarded by the other. The preflure upon any one particle in this 
cafe will not bo as the donfity- of the compound, asbeforci but aa the donfity o£ the parttoles 
3 of 
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cf its own kind : tbat is> the prcflure upon a particle of jt will be equal . 30 inches 
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folelytrom the particles of their own kind. ' 

On the fourth hypothefis^ where two elaftic fluids mttk^ wbofe partidesi inftead of fe- 
pelling, attrn£t one another; that is, the particles of ^attraQ thofe of J?.* then, two or 
more particles coalefcing, a compound will be formed poiTeffing peculiar properties. Here^ 
if the compound happen to be an elaftic fluid in that temperaturci m meafures of ^and n 
meafures of B^ will occupy a fpace lefs than m -^ n meafures, and the new fluid be of 
greater fpecific gravity thari the other two: this at lead would moft probably be the cafe. 

To underftand rhefe dedu£tions from the preceding hypothefes may perhaps require the 
aid of mathematical reafoning; but I think they will be moftly pretty obWous to fuch as ar^ 
in fome degree converfant in thefe fubjefls : I (hall therefore proceed to the application^ 
that is, to conHder which of thofe hypothefes will bed explain eftabliflied fa3st When two 
gafes of very diCTcrent fpecific gravities are confined in the fame vefrd, for inllance tht 
ovigenous and hidrogenous,. they are ever found to be jointly difliifed through the wholb 
capacity of the veflel,. difregarding the laws of hydroftatics. Again, with refpe£l to elaftic 
vapours from liquids; aqueous vapour under 212^, cannot poffibly fupport a preflTure equal 
to that of the atmofphere ; vapour from alcohol requires 175^, and that from sether 100 or 
105°, in Order to be formed at all under a preflure of 30 inches of mercury; yet we fe^ 
all thefe liquids evaporate daily in the open air, and at low temperatures. It is impoffibfe 
to reconcile the firft of thefe fafU to either the firft or fecond hypothefis; as for the fecond : 
fa£l;, we attempt to reconcile it to them by another hypothefis;. namely, that one or all of 
the gafes conftituting the atmofphere, a£l as a general menftruum, and diflblve liquids in- - 
difcriminately in greater or lefs degree. But this explaiiation is not without fome difficul- 
ties ; for the fpecific gravity of the gafes is ^mini/hed by this protefs, inftead of being /V- 
creafed, and heat is abforbed by the liquid difiblved^ juft the fame as if it Were changed into , 
a diftin£l elaftic fluid. 

If we adopt the /£W hypothefis, the explanation of both thefe fa£ls, and indeed of every ^ 
other, becomes at once eafy and perfeAly intelligible. The intimate nrixture and diffufioh 
of gafes of whatever fpecific gravity, is a neceffary confequencc : the vapour of water, and 
of every other fluid which does not chemically unite to the azotic and oxigenous gafes of 
the atmofphere, nor to one another, may exift as fo many diftindt fluids in every tempe- 
Taturc of the atmofphere, and without any regard to its preflTure on the furface of the earthy 
being totally uninfluenced by any other preflure than that arifing from the weight of their 
own particles : in ft)ort each vapour, in regard to prefliire, is in the fame circumftances as 
if it were the only elaftic fluid conftituting .the atmofphere. 

Many other fa£ls which are diflicultly explicable upon any other hypothefis, are readily 
imd«rftood upon this. When a portion of atmofpheric air is fubje^ed -to a folution of 

11 z fttlphuret 
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fulphuret of pot-afli, the oxigenous gas in a (hort time is almoft wholly abforbed: now it it 
not eafy to conceive how any chemical affinity (hould operate upon a body at the diftance 
perhaps of 1 2 inches or more. The hGt is, the fulphur abforbs the oxigen in contaA with 
it J and as the remainder of the gas expands to fill up the vacuity, it is fucceffively abforbed 
in the fame way. A fimilar abforption takes place, when a quantity of any gas containing 
aqueous vapour is confined along with fulphuric acid, or dry, deliquefcent falts; the va« 
pour is abforbed, and the mafs is dlminiflied in ebfticity, notwithftanding the fuppofed 
chemical affinity of the gafes for water. 

XiavoiGcr's defcription of the atmofphere therefore appears to be too limited, whea he 
^aySf' ^^ Our atmofphere is a compound of all the fluids which are fufceptible of the vaporous 
or permanently eladic ftate, in the ufual temperature, and under the common prejfure .*" 
4his b(t limitation fhould be omitted. The general atmofphere feems to be a compound of 
four fluids principally, or four particular atmofpheres ; azotic gas^ which at a medium 
preflTes the earth's furface with a force equal to 21.2 inches of mercury; oxigenous gas^ which 
is ufually equal to 7.8 inches; aqueous vapour., which varies from i inch to .1, or lefs, ac- 
cording to climate and feaf9n ; and carbonic acid gas, the preflTure of which may perhaps be 
^qual to i inch. Thofe gafes and vapour i^xtk feparately on the furface of the earth ; and 
any one of them may be withdrawn, or another added to the number, without materially 
•difturbing the reft, or any way afl'edling their denfity. 

The above do£irine necefliarily requires the force of vapours from any fluid to depend 
folely upon temperature^ and 'Confequently to be the fame in any gas as in an exhaufted re- 
ceiver. This I had proved to be the fa£t with feveral fluids, before this theory occurred 
'to explain the reafon. I intend to give fome account of the experiments relating to this 
•iiibjedt, and to evaporation in general. In a volume of Memoirs of the Manchefter's 
Literary and Fhilofophical Society, now in the prefs; together with fome experiments on 
the expanfion of gafes by heat, controverting certain refults of Guyton and Du Vernois^ 
in the, Anna/es de Chimie, Vol. l. 

The very important changes in our views of fa£ts in chemiftry, meteorology, &c. which 
the principles here advanced will make if adopted ; and the flriking manner in which they 
appear to me to refolye what have juftly been confidered as fome of the greateft difficukies, 
mud be my apology for defiring thefe obfervations to be communicated as foon as con- 
;renient. 

I am. 

With refpefl, &c. 

JOHNDALTON. 

Afanchefer, Sept, 14^ l?OI. 
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II. 

. 0/J the Opitiion or Infeunct that the Chemical ASidns of Light and Heat are the farm. 

By Mr. H. Hamrup. 

« 

To Mr. NICHOLSON. 
SIR, 

X HE refult df fome experiments which I made in 1797 and 17989 on the eSecls of light 
upon the mercurial oxides, and which were publilhed laft year in the 5ch volume of the 
London Medical Review and Magazine, was, — That the red oxide of mercury, red ni- 
trated mercury* and calomel, are reduced by expofure to the rays of the fun. 

That this effe£t takes place when the oxides are inclofed in glafs tubes hermetically fcaled, 
and that the two former are intlrely reduced, the tubes containing them becoming incrufted 
with quickfilver, and the latter partially, &c. Struck with the fimilar efre£ls of light and 
heat in thefe inftances, I put the queftion, if the light which is prcfent during the reduc- 
tion of calcined mercury ia the ordinary way, has not fome fliare in producing the cSc(k i 
I did not know at that time, nor indeed till very lately, that any doubts were entertained 
of the a£lion of light independent of heat ; and it was otlly a few weeks ago, when looking 
over the 2d volume of your interefting Journal, that I became acquainted with the opinion 
of Count Rumford on the fubjeQ, *' That all the vifible changes produced in bodies by 
expofufe to the action of the fun's rays, are efFefled, not by any chemical combination of 
the matter of light with fuch bodies, but nierely by the heat which is generated or excited, 
by the light which is abforbed by them," feems to me to be a concluiion not warranted by 
experiment. 

Into a very tranfparent glafs tube I put ten grains of red oxide of mercury, fpread out 
thin on a flip of window glafs. To one half the dire£k rays of the fun were admitted 
through the tube, and the light excluded from the other half by meaps of a cafe of pafte- 
board, and two flices of cork, which fitted the tube exadly. That portion to which the 
light was admitted began to acquire a deeper colour almoft inilantaneoufly ; fome hours 
after, it had become of a dark dirty brown colour, with fomewhat of a leaden hye. Upon 
examination in a (Irong light, with a lens the whole furface was found to be covered with 
fmall metallic globules. The effcfl was intirely fuperficialj for at the fmalleft depth below 
the furface the oxide was without change: 

After expofure for three days no farther change took place, excepting that the colour 
was become fomewhat deeper, and the mercury, as it ^as revived, fublimed and adhered 
to the upper fide of the tube, which waSj at leaft, half an inch diftant. The portion of 
the oxide from which the light was excluded had fuflTered no change, excepting a very thin 
ftratum of it at the end of. the glafs next theitice of cork^ wliicb was ufcd as a. (topper. — 
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This part was become quite blacky but contained no ^oboles* This ws^ the more Air^ 
prizi(}g> at I had not obfenred any thing fimtlar in mjf former experiments. By accurate 
examination it was. founds that the rays of light had been admitted to this part of the 
oxide through the flip of window glafS) which was of a greenijh c&/t. Having no pFifm by 
mci I had not an opportunity of afcertaining the dKA of different coloured rays. 

As fome of the Count's expetioiems fttm tt> indica!!e> that moillure has fome concem 
in producing the changes, and having myfelf frequently pbferved a fmall quantity of vapour 
exhale, immediately on expofure to the rays; I endeavoured to afcertain the troth by 
experiment. For this purpofe X introduced in^o a very dry glafs tube, a fmall quantity 96 
the red oxide made pcrfe£ily dry, and endofed it in fuch a manner as totally to prevent 
the accefs of air and moid ure. By expofure to the rays the fame changes tOok place, and 
the only difference I could perceive was, that in this the oxide acquired its deepeft colour 
in lefs time than in tlie former experiment ; moifture then, we may conclude9 has no eflcA 
in the redudlion of mercury. 

From thcfe experiments it appears, that light a£);s intirely on the furface. This alone- 
(eems tobe a material obje£tioi> to the concludon of the Count, for we cannot well fap^ 
pofe, that fo intenfe a heat as is neceii'ary for the reduAion of the oxide, (bould produce 
its e^eds merely on the furface, and no wherf clfe. However, there are other obje£lions>- 
whi^b appear to be tnfuperable. If the effefl: be produced by the heat alone which tUe ; 
a£iion of light occafions, it mi^ft neceflarily follow, that the metallic ogcides ia geocnilf 
when placed in contad; with inflammable bodies^ will be reduced by mere expofure to tfae- 
funN rays. To know whether this is adually the cafe, I made choice of the oxides of lead* 
for the fubje£l of experiment, on account of their well known property of being eafily 
revived by caloric, when mixed with inflammable bodies. Small quantities of miniam,. 
and of acetile of lead» were feparately expofed on glafs to the dire£l rays of the fan for 
feveral hours* No change was produced, except that the water of cry (tali is&atioa had cs* 
haled froni the latter. Next day a fmalf quantity of charcoal was thinly fpriokled on each^ 
*and gently preflfisd down. After expofure to the rays the whole day, not the finalleft 
change was effe&ed v they weire then put into two fmall cylindrical ghifs veflel8,.aad'alcofaol.. . 
poured over them to the depth of half an- inch, and again expofed on the thiniday rill dfls 
fpirit was intirely evaporated, but without any alteration what6veiv 

May we not thetefove conclude that light adts independent of heat. 

I am|. SIR^ 

Your*s refgeftfully,^ 

ROBERT HARRUP: 

Cobbam, Swrrjy Sept 1, 1801. * 

P. S. I cannot negle£b this opportunity of gTvingthe refult of fome experiments made 
three years ago, on the production of gas by freezing water, and of which I' was reminded 
at prefent by reading Dr. Fkieftley's communication in the 4th volume of your Journal. 

If 
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' IF water frcfoi whidb the tit htntnc^ttA bf long contmaed boiling, be fliut }tp in glafd 
vefiels intirely filled with it and; then frMeii» chey will bjarft by the expanGofii and nume* 
Tons air bubbles will be dafiufod thtovfghoirt the tcc« The fame effect takes place if frefli 
•difttDed water it ufqd. If watar,. warm. from the ftill> be inclofcd in exhauRed bottles 
which will contain three or four tioies die quantityi^ and alternately frozen and thawed a 
great tiambcr of timesi a quantity of |^(e0U8 fluid will be produced, equal at lead in bulk 
to the water employed. What the natwe of this gas is I have not yet b«en able to de- 
termine, as the quantity I pnocured was loft by accident; I only know^ that it did not 
eogriode by the conu£l of a Kghted taperr.. Duritig the freezing and thawing feveral curious 
phxQomer.a took place. Upon the \<7hole, the fubje£l is higlilydefervii^ a^tentioni and.it 
feems forprirag that it has not been thovoogbly invedigated long before ihta fi«ae. 

R'» H* 
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Memoir on a Method ^ Houfe Painting ioiii Aftll \ hy AvTOJStY AlEXiS Cjldet-de VauxJ^ 

T 

X FU'&LISHED in the FeuUU du Cuhivateur^ but at a time when the weight of public 
miferyabfQrbed the thoughts of every individual^ a'proccfs for paintinjgy oC-fioig^lar fPfO*^ 
nomy, which tbe'nHsfortune of the times compelled me to .(ub(litufee|. inftead c{f. painting 

indiftempcr. ^ . '•• ' ' * ' . ■ • ^ 

One of my neighbours was repairing his country houfe, in which he empIoy<;d fome old 
wood work that neceflarily required to be painted^ but t^e j^iverfal want of every Si^rtioley 
and more particularly of money, for it was in the time.of the maximum and aflignats^ did 
not permit him to go to the expence. The amoupt of the cploijyr woftild h^e t>een ioiir 
hundred francs. In tliis fituation he confuhed me» and foxtunatdy he applied (o. the pror 

per perfon : for I was employed painting a hot-houfe in my garden, at, the time. hecaUed 

• ■ ■ - . 

to converfe with me. He found me painting without diftempcr and without .oil ; he ez- 
prefTed his uneafmefs about hia fobr hundred francs, on which he^d I. ^on removed his 
anxiety, by afluring him that I would reduce the fum to a tenth part. Part of my, hot- 
houfe had been painted in the morning : he pafled the palm of l^is'hand.QT^r (his firft layer, 
but I defired him to rub it with his great coat* * It reCftedlike varniih. He demanded m^ 
fecret ; and as I keep no fecrets of this nature, but on the contrary am dcGrous of pub^fli- 
jng every thing which ean be of value In difTexent branches pf occooomy, I gave him my 
procefs. • 

Ag I am not dextrous with the brufh, I fent the Qex^ day for a painter from Franconr 
■ville to paint the deling and floor of my library. , , . , .* ji 

• Decade Philofophique, No, OP. An. IX, • 

My 

I 

\ , . 
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Memoir on a Method ofHwfe Piihtlngm 



m 

My pniht fmelled neither of fize nor of oil. It is a mifmble watery eoa^fition, faidt 
the painter. He feemed to do me a favoar in condeCcending to ufe it. I had taken care 
not to (hew him the experience of the day befcfre. He began with the cielingi I preiebted * 
him with another pot of yellow colour for the floor. While the flogr was painting the 
cicling became dry, and gave him an opportunity of judging of the fdidity of this kind of 
painting. He immediately faw and admitted its fuperlority OYer the method in diftemper; 
a fingle coat, or even feveral of which wil^ hot ftand the trial of being robbed with a coarfe 
woolen cloth, without coming ofF. He was ftruck with aftoniihment, made his apology^ 
and concluded by afking for my fecret, which I immediately ga^e himi and whichjie has 
flnce turned to good account. 

At the prefent moment I am 'about to paint it again, or rather I am deTiroos of making 
another trial to fix the procefs of this method> more efpecially that of fubftituting it in the 
place of oil painting. . • 

Let us now proceed to the method itfelf • 

Take of (kimmed milk a pint, which makes two pints of Parisi or nearly two quarts 
Englifh^ frefii flaked lime, fix ounces, (about 6|^oz. avoirdupois) ; oil of carawaySi orlin- 
feed, or nut, four ounces; Spanifli white, (whiting) three .pounds: put the lime into a 
ilone ware veflTel, and pour iipoii it a TufRcient quantity of milk to make a mixture re(em« 
bllng thin cream ; then add the oil a little at a time, flirring it with a fmall fpatula ; the 
remainder of the milk is then to be added, and laftly, the Spanifh white. Skimmed milk in 
lurtmier ii often cbtted, but this is a circiimRance of no confequence to onr pbjeftj ibe- 
caufe the contaifi with the hmr foon refftbrcs its fluidity.* But it muft on no account be 
four, becaufe in that cafe it would form with the lime a kind of calcareous* acctite^ capable 
• of attrafting moifture. " 

The lime is flaked by dipping it in water, out of which it is to be immediateTy taken^ 
and left to fall in pieces in the air. t 

The choice of either of thefc oil^ is indifferent ;■ nevcrthelefs for white paint the oil 
of caraways is to be preferred^ becaufe colourlefs. The commoncft oils may be ufed for 
painting with the ocrcs. • ^ ^ 

The oil when mixed in with the milk and lime difappears, and is totally diflblyed by the 
lime^ with which it forms a calcareous fope. 

Uhc Spanifli white is to be crumbled, or greatly fpread on the furface of the fluid, which 
it gradually imbibes, and at laft finks j at this period it muft be well ftirred in. This paint 
*may be coloured like diftemper (or fize colour) with levigated. charcoal, yellow ochre, &c. 

And it is ufed in the fame manner: 

The quantity here prefcribcd is fufficlent for the firft coat of fix toifc8> or 27 fquare 
yards Englifh. 

V The price of this quantity amounts to nine folsi which reduces the prifcc of the fquare- 
ioife to one fol) fix deniers; prime coft* . 

The 
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JUMh 9ii < Jfetfwf o/Hkifi faifithg. 44^ 

* The |^rtfcedirt|^itiftnf£t!ons hare hetn faAc?ent for moft •£ thoft who fcave, made (i(% of 
Alt pAtitlngi bdtltft iii'ttdon tipM If, and cKfcvfs the theory Virhidh had guided aie ill 
the choice and combination of thefe ingre^lients; 

'' ta the firft pTacei let us fpeSik of paincing lif vBemper. This 'is donC| as every oae 
knows with Cite^ to which is added Bfitnifh wliite, or ochre. 
' Its incoftvenlencies are numerdnS. 

In the firft placd it conies off by the flighteft fridion ; fo that for the riioft pirt it is aif 
iifeonvenience 16 fuffet the clothel to come in contaft with the waHs and palTages painted 
i^ &Is manner.* 

- It is true that this inconvenience is remedied by ufing ftronger £t€^ and laying on t 
greater number of coatings j but in this eafe, in the courfe of time> in dry expofuresi th^ 
j^ainting peels off, and is.detached. 

It is no trifling confidexation, that three coatings in diftemper will coft thirty fous, Ot 
near feyen times as much as our paint of three coatings, if that were neccflary. 

The confequences where the expofure is moift are ftili more per\i?cious. The glue or 
Gzt which fornU the bafis of diftemper becotties moift, and ferments ; like every other 
ihiimal glue ik. partly paffes to the ftate of atidlty ; it ceafes to be gTue, and is no longei^ 
adhefiye 1 i£ becomes a tfuid and acid water, which fpeedily acquires (he putrid ftate. tt 
IS more particularly at the time of thaw that this effcA of moifture becomes very fenfible, 
and then the paint^of this defcriptipn is feed to Sow in ftreaks along the wallff and woo^ 
work. «The earth and ochre^ becoming feparated from the geiatinons fubftance, $tt Ihen 
al>andoncd to their pulverulent ftate, and the paint falls off. 

This dirpofltion of animal gluten to attract moifture from the air, and to ferment, ct* 
plains the reafon why in procefs of time {>ainting in diftemper emits a finell, unlefs it be 
varni(hed, which partly remedies thofe inconveniencies ^ but at the fame timeitmuftb^ 
recolledled, that it adds to the expence* • 

We muft*a1fo remark, that the mixing of the fize colour requires' a fire, and demands 
the expence of workman's time during part of the morning for its preparation : and that 
laftly, this paint will not keep, but frequently changes in the courfe of twenty-four hours^ 
particularly In ftormy weathier. 

On the other hand, let us confider and compare our method of painting. ^ 

Skimmed milk has loft its butyraceous part, but it keeps its cheefy part or •curd, rf 
^'hich milk contains more pr Icfs, at a medium about one fourth in a ftate of ftrong gela- 
tine; confequently there is about a pound in the Paris pint, or four pounds of milk, ^ich. 
is our proportion. I fay in the ftate of gelatine, for the cafeous part not being foluble io 
' water is not gelatine, but it is glue. 

We have therefore one pound of glue, which deferves the name of ftrong glue, in pre- 
ference to the glues which are fo called, and this is appropriated to give body to our 
Gokmrs i but this glue of milk has great advantages over the commoi\ animal glue. 

Vox., v.— October i8ox^ * * Itk. . TJi 
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. Thecheefysart i^et^ins si poftion Qf.humidity^ a principle which gives it elafticxty. ..JBa& 
^xauiple^ Cake che^fe of Gruycres jl let it be ever fo dry> it is ftill elaftic i it may he raipe4» 
but cannot be pounded. ^ < 

This portion of humidity which the jdipefy part retains is fufficient for its .conftitudon. 
It does not therefore attrad the moifture of the atmofphere, and the pigment of which it 
forms .the bafe, does not become crumbly- in dry elevated well-aired placeS) neither does it 
become foft iii Iqw and humid expofures. 

' Que of the properties of this paint is„ that it may be kept for whole months^ and re« 
quires neither time nor fire, nor even manipulation ; ten minutes are fufficient to prepare 
enough to paint a whole houfe. There probably is formed in this mixture a combination^ 
ivhich'in that cafe would add. much to the folidicy of the painting, namely^, that of the 
Spanifh white with the oil. The putty of the gtaziers) which becomes {o folid that it il 
^Imoft impoflible to detach it^ Is nothing but this mixture, and fo likewife is the lute. of 
.the chemifts. It may eafily be cSnceivedj^ how much this maftic* muft add to. the foliditj 
,q{ the colour in which it is diflfolved. 

This advantage is aittqnded with other valuable conveaiencies. A bed room may be In* 
^ babited the very night after it has been painte^, bccaufe this paint becomes dry in an hour,, 
and the oil which enters into the compoGition lofes its fmell and charafler of oif by its 
combination of lime,, which fo]:ms.a true foap i the fmell of this colour when £re^ laid i& 
(aponaccQusi: the apartment previous to its becoming dry fmellsJike a laundry. 
. iW Gngle coat is fufficient for places which have been before painted. It is only, neceflilry 
to lay on two when the fpots of greafe repel the iiift coating | in this cafe they fliould be 
waih^d 00* with.ftrong lime water or foap lees, or fcraped. 

New. wood, recj^uires two coatings. One coat is fufficient for a ftaircafe, palTagej or 
deling. 

The hot-houfe I have fpoken of has its door hung, within : the doordi is therefore ex- 
gofed to> all the injuries of the airi but notwithftanding this and the' continual friction, 
the traces of the brufli are 'ftill vifible, and the paint has not undergpne the ' flightelL 
alteration* • • 

I have fince given to this method of painting a much greater degree of folidity; for my 
j^m has been not only to fubftitute it inftead of painting in diftemper, but likewife of oil' 
paintr. 

Milt Paint containing Rejtmus Maitetx 

For out-door work I add to the proportions of the paint, 

Slaked' lime, • - . 2 ounces 
Oil, - - - - 2 ounces 

White Burgundy pitch', - a ounces* « 

The 
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JMenmr 6n a MaiotloffJm^^Paihiing^ 
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The^itch 16 it lie melted by a gentle beat in the oil, and then added to thf fiAootli mix** 
ture of milk and lime* In cold weather this mixture ought to be warmed; in order that it 
may not occaGon too fpeedy cooling of the pitcbf and to facilitate its union with the milk 
of lime. This paint has fome analogy with that known by the name of encauftic. 

I ha^e employed this compolition for outfide (hutters» formerly painted with o}!. 

The common method of painting in oil, though thought to be fo durable, participatea 
firongly in the inconreiiiencies of painting in diftfemper ; that is to fay, it (hrinlcs, cracU^ 
fcales off, and is feparated \ with this difference, that the flakes preferve fome points of 
adhefion. But is not the lefs true, 'that the wood remains uncovered, and expofed with* 
out defence to the a£tion of the ain .» • 

For the fake of neatnefs, it is proper to rub down the furface with (and ftone, 9t 
pumice ftone, before the firft cdating is laid on. 

Time, which dedroys every thing, will deftroythis (amt; but I do not in theory^fioe 
any reafon why the adhefion of the refinous milk paint (houM break, or that it (hould crack 
and fcale off like the painting in oil ; of which the bafe is cerufe, % preparafibn of lead^ 
which renders the oil drying, and difpofes this kind of pain! to crack. This metallic fub* 
fiance hat al(b the inconvenience of becoming ccfloured in the air by the aQion of hidrogen 
f^i ; fo that white paint becomes yellow, and is .'frequently covered with blai^k fpots by .a 
<de-oxidation aflnmed by the oxide of lead. The exhalations of a drain or neceflary^ or the 
vicinity of a ftable, are fufficient completely to blacken painting of lead colour with oiL 

There is no lead in the paint of rcGnous compofition with milk^ confequently ^ia kicoa- 
convenience is not to be feared. The air cannot change the colour of this pa'^nting, as I 
am convinced by experience in my hot«houfe ; and every bmldiiig of ihia defcriptioti is 
cxpbfed to the exhalation of fermenting vegetable fubftances. ; ■ . « 

I need not mention the nnwholefome fmell of oil painting, nor the long timt. k conti- 
nues. In country houfes which are not inhabitod during winter, it is found to remain 
even for feveral years fucceffively. The dangers of the exhalation of this kind of paint are 
frequent, and but too well known.* 

Our painting with refinous compofition and milky notwithlhmdifig the ail af)4 ^ 4tts;* 
gupdy pitch which enter into kscompoficion, emits no other fmell than that of turpentine*.; 
a fmell which is fpeedily diflSpated in-a day or two^ befides whidi it is :ufed:,OBly;for«M- 
door work. ...•.•. •' ' 

T'he reafons are ftrongevin fanrpuf of fabftitutipg either of- thefe new 0io4<» ef painting, 

to that.which is called iadigeanf^ This pigment con^s of quick-Iime^ .yiQUowx>ch1^,ai^ 

>^ateri itlaftsvery well within^ doorsr but when expofed to the .air it fooiic difapp^ars* 

Thia- mixture has no coqfiftence; its adherence to ftone is fo wkak>' chat the Faii^ carries it 

off, and leaves no trace in two or three years. 
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* It is w£ll known that Burgundy pitch is the refidne of diftillation pf turpentine with water, an opera- 
tion for the purpofe of feparating the volatile bit. - -' -. - ' ' '. *" 

t We have bo appropriate name in Englifli for this method* *^ • 

K k a * • * This 
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Thifl metl^od of paidtiqg faefidcs co{lat(ien:fo)B (JieL toife 9 but ^^e-bavj^ l>eibf«.^)Mbrv>ed» 

the painting in diftepnper with milk doc« ziot coft more than one fol« fu <teniers» to «Khicfa - 

iref nauid add a fmall ^atoer for the expepce oil^ijiag it cn% ai a maa cao cater a gMit 

number pf toifcs in jiday* . ,. 

But I fliould prefer for thefe purpofes the painting with the refiaof^ ocuo^pfi^ioo iand 

milk, afing the lime and yellow ochrej with or without the addition of Spanifli white. 
' This paiht would laft twenty or thirty y^lTs without alteration \ I know o£ nothing Wt the 

nitrification of the walls which could injure it» and this is a flow procefs. 

i have fpoken much to the difadvancage of painting in oil and in diftemper, and I hafe 

pleaded the eaufe of my new procefs ; but the theory on which I ibunded my preparatioa, 

and the experience I have hfid> fpeak ftrongly in favour of my conclufions. 

I fee only one objeflion, namely> the difficulty of procuring milk. This is far fntoi 

%e!ng a difficulty, for there is more want of buyers for mUk| than milk for the buyers. In ^ 

the feafoit of fruits in France there is fcarcely any demand for milki and in many placca 
•they ffre but very indifierently (killed in making cheefe or buuer. The fttmmer is the 

feifon for painting. The confumption of milk at that time will even be advantageous lo 
'the farmer) and in no refpe& detrimental to thofe who confume it as food. ItnaayaUb 

\i^ obferveS^ that for this purpoie the milk may be brought from a much greater diftance 
-flian it cottidfov <onfumption as food, for if half the lixne be added at the place whene-Che 

milk Was produced, it may then be carried without becoming four or clotting, in a per&A 

ftate to the ^plaoc 6f its .dellination. Little obje£lion can be made in the country aa to the 

fcarcitf of tnilk. .' .. 
The polftiosd •«b)e£tioh, that the liouie :painterB would by this pra£li<^ be seduced to 

beggary, would alfo be a great objection with me to the procefsi if .1 wtre not convinced 
'irom nikHbtrMs inftan<y6,.that the increafcd confumption <of a cheap thiDg.nnore fhaa 
'compenfates for the difference of charge by the abundance of employ \^ gives. Ou| of a 
%nnthred perfoBs who would fMuntthdr apartments at twenty-five franci» there are fjparcely 

five who would paint, if the price were fifty crowns. . Thofe who hold, their dwellings 
"oniy foir a'flloM ttrin, would adopt this u&fui and ^i^holefome procefs ^hen 4^y4Kfiew its , 
<cheapnefs; fo thdt upon the whole we inight reafonably infcr» that twice itheouniber of 
*paftiters nnfigbt be emfloyed4n the.^QKknaBAip, vA^^ the matcriak could. J^aff^rM fo 
much better and cheaper, 

i%e farfKtywiPtb'wfaidhiiiloworknmybe perlbrmcd> aoayiaMb -be- of figuM advantage in 

4^vMtiog •'wotkmi^n from giving the law to their emplofeM y for. there- afejnany . o|^ei6si- 

'tiont of^oAefticeiafdoy whicU axe .much. mote, difficult than thit» ■ The iPiilturf n^^yi.he 

^brought to- a ftill g^eator dagcde bfcperfe£iiini. .fat.ortailow may be fiibftituted itkftead of 

oil, and wax inftead of Burgundy pitch. . , 

* I therefore invite thofe chcmjftjs who. devot? their exertions to the improvement of the 
,4urts,. to attend to this methoid of painting, and fij( th^ prDpoftigns }. io aice^tain whethejr: 
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firilb aft« u^dfi titf edooring oxides or ochres; and, hftlyv to render the procefs gene* 
ral)y-ufefuK By this union oF e0bT-t the prefent valuable branch of the arts would bie fio^ 
pUfied, individuals would obtain eorrfideraUe favings» our habitations would becomeT'more 
neat and cleanly, and particularly more healthy, as there is nothing which alters the pari^ 
of the dr more than oil paint. 
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On thi Mechamjm of .the Eye. By Thomas You kg j M.D. F.R.S.* 



J. In 



the year 1793, I had the honour of laying before the Royal Society, fome obferva; * * 

tions on the faculty by which the eye accommodates itfelf to the perception of objefls at' ' * 

different diftances. f The opinion which I then entertained, although it had never been 
placed exa£t)y in the fame light, was neither fo new, nor fo much forgotten, as was fup- ^" 

pofed by myfelf, and by molt of thofe with whom I had any intercourfe on the fubjeA.. ^' 

Mr.' Hunter, who had long before formed a fimilar opinion, was ftill lefs aware of having 
been anticipated !n it, and was engaged, at the time of his death, in an inveftigation of the ' . 
fadsrelative to it ;*]: an inveftigation for which, as far as phyGology was concerned, he . • 

was uodeubtedly well qualified. . Mr. Home, with the afliftance of Mr. Ramfden, whofe . * ** 
recent lofs this Society cannot blit lament, continued the inquiry which Mr. Hunter had* ' 
begun; and tlie refults of his experiments appeared very fatisfa£torily to c6nfute the 
hypothefis of the mufcularity of the cryftalline lens. ( I therefore thought it incumbent 
on me, to take the earlieft opportunity of teflifying Ay perfuaGon of the juftice of: 
Mr. 'Home's eonclufions, which I accordingly mentioned in a diflertation publiflied at Got- 
tingcn in 1796, || and a)fo in an eflay prefenCed laft ycir to this Society. ♦* About tbfetf • 

months ago, I was induced to refume the fubje£l, by pcrufing Dr. Porteafiefd's ppper oii 
the internal motions of the eye ; ff and I have very unexp^Aedly made fome obfervations^ 
which i think I may venture to fay, appear to be finally^conctufive in favour ^finy former 
eptn'ion, as far as that opinion attrtbut^dto the. lens a power of changing jts -figured. At the ' 
fimte tifinev'i'nnift remark, that every perfonwho hanb^en engaged in experiments of rfait 
iiature, will be aware of the extreme delicacy- and precaution requiCte, both in conduftin^^ * 

them, zxiA in'drawing inferences from them ;:and will ^Kb readily allow, that no apology it "^ 

neceflary for riie fallacies which have milled Mtny others, < as well as myfelf. In the applica^- 

tiod of rhofe experimoRts to;opticd and phyfiefogioal ddierminations. . ''4 . 

J ■ » 1 ■ ■ ^ ' ■ 

*.Philof. Tranf. 1801. t Pi»"»l- Tranf..fflr.nW» .p,4fi£U.. . , • 

t.PW'Ti:anf. fpr 17^4, p. 21.. '." ■ ^ Phil. Tranf.. for 1795,- p. au ' . ,,^ ... , . -^ ^ 

If De Cci'poris human! Vli ibus confervatri^ijbutf, p^ <j8. 

•» fhil. Triiir. for I8OO; p. 1'46. : + f E^inb. Med. Eflay9> Vgl. JT/p, mv' ' ' ' 
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On the Michamjm of the JPyp. 
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'II. Befides the inquiry refpcfiing the aocommodAtion of the eye to difiercnt dSlaoceByLlfiiaSIf 
-have oecafion to notice.fbme other particulars relative to its funAions f ^nd I (hallheguir 
with% genetal coniideration of thefenfe of vifion. I (hall then enumerate fome dioptncal- 
propofitions fubfenrient to my porpofcSi and defcribe an ipftrument for readily akertaioiag 
the focal diftance of the eye. Oa thcfe found^tionsy I (hallfnveftigate thedin^eafionr a«A 
refradive powers of the human ,eye in its quiefcent fiate.; and the/orm and inagnitude o£ 
the pi£lore which is^delineated on the retina. I Ihall flext inquire, how great are the 
changes which the eye admUs, and what degree of alteration in its proportions. will- be. 
neceiTary for thefe changes, on the various fuppoHtions that are principally deferving of - 
comparifbn. I (hall proceed toTehte a variety of experiments which appear to be the mod 
proper to decide on the truth of each of thefe fuppofitions, and to examine fuch arguments 
as have been brought forwards, ^gainft the opinion which I (hall endeavour to maintain}. 
zpi I (ball conclude wiih fome ^anatomical illuilrations of the capacity of the organs of 
various clafies of animals, for the functions attributed to them. 

III. Of all the external feofes, -the eye is generally fuppoCed to be by far the beft under* 
fiood^ yet fo complicated and fo diverfified are its ppwers, that many of them have been 
hitherto uninvefligated ; and on others, much laborious refearch has been /pent in ¥atn«^ 
It cannot indeed be denied, that Ve are capable of explaining the ufe and operation of its 
different parts, in a far more iatisfadory and interefting manner than thbfe oi the car^ 
which is the only organ that can be ftri£tly compared with it ; (ince, in fmelling^ taftiog^' « 
and feeling, the objeAs to be examined come almoft unprepared into immediate -cootaA ' 
with the extremities of the nerves ; and the only difficulty is, in conceiving the natore of 
the tStOi produced by them, and its tomnHinication to the fenforicm. But the eye and the 
ear are merely preparatory orgatl^i calculated for tranfmitting the impredions-of light and 
found to the retina, and to the termination of the foft ^luditory nerve. In tho eye, light is 
conveyed to the retina, without any change of the nature of its propagation : in the ear, it 
is very probable^ that inftcad of the fucceffive motion of different parts of the fame elaftic 
medium, the fmall bones tranfmit the vibrations of found, as padive inelaftic ]^d bodies, 
obeying the motions of the air in their whole extent at'^the fame inftant. .Iaxhe.eye9 we 
judge very precifely of the dire£lion of light, from the part of the retina on. which it im« 
pinges.: in the ear, we have no other criterion than jthe flight difference of mDtioniia the 
ftnaH bones, according to the part of the tympanum on which the found, concentrated bf. 
different rede£lionS| firft ftrikes;- hence, the idea of dirediion is neceflTarily very indiftta£^ 
and there is no reafon to fuppofe, that diffescnt parts of the auditory nerve are ^{clufireljt 
tfie^ied by founds in diflferent dire^ions. Each fenfitive point of tbe retimr is capahU of 
receiving diftin£l impref&ons, afweli of the colour as of the ftrength pf light; but it is 
not abfolutcly certain, that every part of the auditory nerve is capable of receiving the, im- 
preflion of each of the rnuch greater dlverfity of tones that we can difttnguifh ; althpugb it 
is extremely probable, that all the diffierent parts of the furfacc expofed to the fluid, of the 
veftibule, are more or lefs affe£ied by e'very found, but in different degrees and fncce(Eon, 

. . according 
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ffceorduif; to the direftion and quality of the vlt>ration. Whether or nbj ftriAly fpeaking^ 
ykt eaaheir two iburttta, or fee* tvro obje£(s,. in the fame idftant,*' cannot eafily be det^r* 
nlHted : bnt it isf fuffidenft, that we can do bothj without the infcefVentton of any interval.ef 
ttffie perceptible tb the mind \ and Indeed tre conld form no idea of magnitudcy ^witlftat a 
cJbm)>ar;ifiTe, Yind therefore nef:irly coremporary perception of two or more parts of the fame 
dbjeA. The extent*of the field of perfect vifion'for each pofition of the .eyq» is cgrtainly 
riot rery great ; but it ^ill appear hereafter, that its refirafiive powers are calculated to take 
ill a moderately diftind^ view of a whole hemifphere: the feufe of kearing is equally pei^ 
fedl in almoft every dire^ion. 

IV. DIOPTRICAL PROPOSITIONS; 

k 

Propofition L Phenomtnon, 

^ Tn all refraf^ions, the ratio of the fine of the angle of incidenee to the fine of the angle 
of refraftion is conftant. (Nawton's Opt, I. Ax. 5. Smith's Opt. 13. Wood's Opt. ^4.) * 
Scholium I. We (hall call it the ratio of m to m T *> and w T ij »• In refra£tions 
out of air into water> m =1 4 and » :=: 2> very Acarly ; our of air into glafs^ the ratio is « 
nearly that of 3 to a. ^ ^, 

Scholium 2* .According to Barrow, Yl>/7. Opt, iL 4.) Huygens, Eulet, fObnJeff.phi^.' 
area prop. Joni et luminis. Opufc, /. lu) and the opinion which I lately fubmitted to the Royal 
. Sbdety, (Phil. Tranf.for 1800.^). 128,) the velocity of light is the greater the rarer the* 
medium : according to Newton, (Schol. Prop. 96. I. i. Princip. Prop. 10. jp. 3. 1, ii. Opt.^ 
and the doflrine more generally received, the reverfe. ""On both fuppc^^tions, it is always the 
fiime in the fame medium, and varies in the ratio of the fines of the angles* This circom* 
ftance is of ufe in facilitating the computatibb offome very complicated rcfra&ions. 

£rop2/kio/i \L Phenomenoa» 

If betweon two refraftiog mediums^' a third medium, terminated by parallel fur faces, bei 
uiterpofeJ, the whole refra£iion "will remain unchanged. (Newton's. Opt. 1. !• p* 2* 
Prep. 3. Smith, r. 399. Wood, 105.)- 

. Corollary. Hence, when the refrafiions oxal of two mediums into a third are given, the 
refrafiion at the common furfacj of thefe mediums may be thus foutid. Let the refraAioni^ 
liEven be as m\ if, and as m^ : »' % then the ratio fought will be that oi m n} i m' n. • For 
inftance,«let the three nfediums be glafs, waler, and air ; then m zr 3, « n: 2, m^ zn 4^ 
It' ^3, mn^tzf}^ and m' iii= 8. If the ratios be 4 : 3, and 13 : 14* we have m n^ : ftii^.m 
1:39:56; and, dividing by 5<S*^39f we obtain 2.3 aftd 3.3 for m and fnt + ^t is 
SchoL f , Prop. I. . • * . 
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Ffp^tm in, ffiltm. (Wttc XHl* Tig. r;) 

Am^k vcttex of a given triangle (CBA), to place a giren vpfnftlng'farface ^\ t» 
tliat the iBcidiuit and refra£bed rays may coincide with the fide* of the triimgle (A B 
and B C.) ' ' . 

.. I<et.tke fldek be called J and e\ tbeo in the hafe take» next Xod (or AB)> a portion (A£) 



nd 



., M (AD =) *" '' 



.; draw a line^EBi or DB) to the ^portn, nd 



the furface mud be perpendicular to this line, whenever the jfroblem Is phyfically poflible* 
When i becomes infinitei "wnd pardid Co tbe bsrfei taix ^ or t!L^ next to d^ for the in* 



terfe^iion of the radiu»of curvature. 



m 



4 
t 

^ 



Pnpafition IV. litorem. (Fig. a.) 

Jn oblique refraftiotts at fpherical furfacesi the line (AI, EX,} jbining the conjugate foci 
(A, I; K|LO pafTes through the point (G}, where a perpendicular from the centre (H) 
'falls on the line (EF}| bife£ling the chords (EC, BDj) cut off from the incident and re« 
frafledrays. 

Corollary I. Let / and u be thecoCaes of incidence and refraftion^ the radius being !» 
and' d andi e the refpe^tive dillauces of the foci of incident and refra£ted rayt^ tbea « 
m du u 
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mdu'^fidt'-^nt t 
C^larya. For a Jlane furf.ce, * = ^±12. 
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Corollary 3. For parallel rays, dzz co. and e zz — » ♦ ' 

Scholium I. It may be obfetved, that the canftic by refraflion ftops Ihort at its cufpi 
tM>t geometricallyi but pbyikallyj the total refieftion interfering. 

Corottaty 4. Call — — — , h and — '• % r; then € = -; , and -r — If ss 

^ ^ mu-^nt mu — nr d — c 



bd 



^ ; oti in wordsy the reftangle contained by the focal lengths of parallel rays, 

andrepaf&ng any furface in thoi fafiie linesi is equal to the refkangle contained by tb{^ 
differences between thefe lengths and the diftances of any cooj agate foci. \ 



md 
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Corollary 5. For perpendicular rays, e = ■ = w + , 9 or, if the radiUs be a^ 



^— r .— ; and if 4 apd t be given to find the radius, a = , , . ' 

• Corollary 6. For rays perpendicular and parallel, ezim^ ox4Zzma^ •* ^ 



CoroSoTf 



Or itt Jfidmi^tir tf Ot fy. 



m 



CcfoUtijJ. For a double cooyex htua, neglefting the thickndt| call the firft radius r» 

^ I- It 1 nigh de 9 g + h ' '• 

,thc fecond A, and . = ^.^^^^_^^^ > Hqncc n zz j^. — -j and, for|naUcl 



rays, e = —7-71 and « =: V a ' 



rr L M a 1/ 

itjr = ^:=^r= ■■ ^_^^ ; and for parallel rajrt 
id 



€=z — : calKng this principal focal length *, # =: -TZTlt nr in Cor. 4 j whtocc w« hare 

the joint focus of two Icnfcs ; alfo, * zz -r-; — . 



J + tf 



GBTv/brjirS. In a fphfifc^ t =5 ma* ■■ / ■■ ■■ > '1 ior 



the 



txom: the oeatve, 



and i = 



fTf a 



Scholium 2. In all tbefe cafes, if the rays converge, d ihuft be negatire. For inftance, 
to find the joint focus of two conyex, or concaye lenfes, the expreflion becomeSf 

bd • 

#=7— — • 

i -i- d • 

Corollary 9. In Cor. 3» the divifor becomes ultimately conftant ; and| when the ta* 

dinatioif is fmall, the focus varies as « *</• ' 

It 

. Corollary 10. For parallel rays falling obliquely on a double convex, or douUe concare 
lens, of inconfiderable tbicknefs, the radius being i, # = :, ' /j^ ,; ■ ^ _ ^ -^ whiph srarws ul* 



2 {m u-^n ty 



timately as the produ£t of the cofines, or as 



m + n 
ft n ' 



t + t*. 



SckoUum y In the double convq: lens, the thicknefs dimlniihes the tStStJoi the obliquity 
near the axis ;* in the double concave, it increafes it. 

Scholium 4» No fpherical furface^ excepting one particular cafe, (Wood, 155,) can col- 
leA an oblique pencil of rays, even to a phyGcal poi^. The oblique rays which wc have 
hitherto confidered^ are only fuch as lie in that fj^dion of the pencil which Is made by a 
plane paffing through, the centre and the radiant point. They continue in this plaiie^ not- 
withftanding the refra£lion, and therefore will not meet the rays of the coUatend feQions, 
till they arrive at the axis. The remark was made by Sir Ifaac Newtoa, and extended hf 
Dr. Smith, (Smith r. 493, 494;} it appears, liowevr, to have been too little noticed. 
(Woody 362. } The gepmctrical focus t|ius becomes a line, a circle, an oval, or other 
Cgiupe, accoiiling to the form of the pencil, thib nature^f die furface, and the place of the 
plane receiving the image. Some of the^ varieties of the focal image of a cylindrical 
pencil obliquely refra£led are fliown in Figi a8. . « 

Corollary ii. Henoc the line joinipg the remoter conjugate JCbcit will always pais 
thi^gh the centre. The difltance of thecemoter focus of p^aUel rays vrill be expccfled.by 
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; and the leaft circle of aberration will be at the diftance " ." 



I + ll*-*-2 H* 



#»« — «/' (i+«w).(iwi/ — nt) 

dividing the length of aberration in the ratio of the diftance of it%. limits from the furface* 

In Ae cafe of Cor. 10./= , — :t. ^ 

' Corollary It* This propoQtion extends alfo to refle£led ray^; and^ in that cafe^ the 
tine from the centre pafles through the point of incidence. 

Prop^ttion V. ProbUm. 

To find the place and magnitude of the image of a fmall obje£l:, after refra^ion at any 
number of fpherical furfaces. 

* ConflruSfion. (Plate XTII. Fig. 3.) From any point (B) in the objefl: (AB), draw lines to 
(C)) the centre of the firft furface, and to (D), the focus of parallel rays coming in 
a contrary dircftion : from the intcrfeftion of the fcconi line (BD) with the tangent (EF^ 
at the vertex^ draw a line (EH) parallel to the axis, and it will cut the firft Iine,(BC) in 

. (H)| the firft image of the point (B). Proceed with this image as a new obje£l, and 
tepeat the operation for each furface, and the laft point will be in the image reqnired. 
For calculation, find the place of the image by Cor. 5. Prop. IV. and its magnitude will 
be to that of the obje£l| as their rcfpe£live diftances from the centre. 

Coroliary, If a confufed image be received on any given plane, Its magnitude will be 
determined by the line drawn from the preceding image through the centre of the laft 
furface. 

M 

Propofition VL Problem. 

To determine the law by which the refiraAion at a 'fpherical furface muft vary, (b as to 
Colle£l parallel rays to a perfeA focus. 
Solution* Let t; be the verfed fine to the radius i ; theuj^ at each point without the axis, 

n remaining the fame, m muft become ^mm^znvi and all the rays will be colleded 
in the principal focus. 

Corollary. The fame law will fenre for a double convex lensi in the cafe of eqoidiftatat 
'conjugate foci, fubftituting n form. 

Propofition "^U. Probhm. 

To find the principal focus of a fphere, or lens, of which the internal pi^s are.iooiy 

denf% than the external. 

■ ■» - 

Solution. In order that the focal diftance may be finite, the denfity of a finite portida 
abdut the centre muft be equable : call the radius of this portion |, that of the fpberc being 

ymty ', let the whole rcfra^on out of the furroanding medium into thi» ceotnl part, be as 

4 «to 
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m td n\ take r tz , ^'^ < and let the dcnfity be fuppofcd to vary every where in« 

Jog. IM """ log* H 

Ycrreljr as the power -*- of the diftance from the centre : then the principal focal diitance 

^ ^^^^ V #M W 

from the centre will be . , When r = i, it becomes .„- ■' ,, \ 

2 nl'^m a (H. L.f»-«-H.JUiii) 

For a lensy dcdu£l one-fourth of the difference between its axis and the diameter of the 

fphere of which its furfac^s are portions. 

Corollary. If the denHty be fuppofed to irary ftiddenly at the furface, m muft ezprefs 

the difference of the refractions at the centre and at the furface ; and the focal di(laxice» 

i 

thus detqirminedy muft be diminifhed according to the refraction at the furface. 

Propofition Vllh Problem. 

To find the nearer focus of parallel rays falling obliquely on a fphere of variable 
denfity. 

Solution. Let r be as in the laft propofition, / the fine of incidence, / the cofine^ and / 

the diftance of the focus from the point of immerCon. Then e = , ■. w bei 



= li-i. fjA + *B + fC + . . .) +aflA + 6iBx* + iotfCx* + ..., 

r — 1 

where « = -^, * = — ^ , ^ = — - — , A =1 i, B = ^ A, C =: -JB, D = 4 C. 

r + I 3 r-^i 5 r— 3 

But, when / is large, the latter part of the feries converges fomewhat flowly. The former 

part might be abridged if it were necefiary : but, fince tbc focus in this cafe is always very 

imperfccli it is of tlie lefs confequence to provide an eafy calculation. 

General Scholium. The two firft propofitions relate to well known phenomena ; the 

third can hardly be new ; the fourth approaches the nesreft to Maclaurin's conftrtt£i:Ion» 

but is far more fimple and convenient } the fifth and fixtl have no difficulty; but the two 

lail require a long demonftration. The one is abridged by a property of logarithms ; the 

other is deiived from the laws of centripetal forces, on the fuppofition of velocities dire£tly 

* as the refradive denfities, correfling the feries for the place of the apfis, and making the 

fine of incidence variable, to determine the fluxion of the angle of deviation. 

V. Dr« Porterfield has employed an experiment, firft made by Scheiner, to the deter- 

minatlon of the focal diftance of the eye ; and las decribed, under the name ot an 

optometer, a very excellent inftrument, founded on the principle of the phenomeaon. ^ 

* Ediab. Med. EiT. V<^. IV. p. 185. 

LI 2 But 
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But the apparatus is capable of conCderabIc improvement j and I fliall beg leave to defcribe 
an optometer^ fimplc in its conftruftion, and equally convenient und accurate in its 
application. 

Let an obRaclc be Interpofcd between a radiant point (ft, Plate XIII. Pig. 4,) and any re- 
frafting furface, or lens (CD), and let this obftacle be perforated at two points (A and B) 
only. Let the refracted rays be intercepted by a phne, fo as to form an image on it. Then 
k ia-evident, that when this plane (£F) pafles through the focus of refiraAed rays» the 
knage formed pn it will be a Tingle point. But, if the plane be advanced forwarda (t* 
GH)) or removed backwards (to IK), the fmall pencils paffing through the pcrforationsy 
iwiil no longet^ meet in a fingic goint, but will fall on two diftindi fpots of the plane (G, Hi 
X, K 9) and, in either cafe, form a double image pf the ob}ed« 

Let us now add two more radiating points,| (S and T, Fig. 5,) the one nearer to the 
kns than the iirft point, the other more remote ; and, when the plane which receives the 
images pafles through the focus of rays coming ^rdm the fitft point, the images of the 
fecond and third points mud both be double {s Sjtt ;) fince the plane (£F) is without die 
focal diftance of rays coming from the furtheft point, and within that of rays codung from 
libe neareft. Upon this principle. Dr. Porterfield's optometer was founded, 

But> if the three points be fuppofed to be joined by a line, and this line to be fbmewhat 
inclined to the axis of the lens, each point of the line, except the firfl: point (R, Fig. 6j) will 
bave a double image ; and each pair of images, being contiguous to thofe of die neighbour* 
iog radiant points, will form with them two continued lines, and the images being more 
widely feparated as the point which they reprefent is further from the firft radiant pointy 
the lines (x t, sty) will converge cHieach Cde towards (r) tlie image, of this point, and 
there will interfe£t each other. 

The fame happens when we look at any obje£l through two pin holes, within the limits- 
of the pupil. If the objedl be at the point of perfe£l vifion, the image oathe retina will be 
ifingle^ but, in every other cafe, the image being double, we fliall appear to fee a double 
ohjcCt I and, if we look at a line pointed nearly to the eye, it wiH Appear as two lines^^ 
crofling each other in the point of perfed vilion. For this purpofe, the holes may be. con* 
verted into flits, which render the images nearly as diIUn£l, at the lame time that they ad* 
mit more light. The number may be increafed from two to four,, or more, whenever 
particular inveftigations render it neceflary.. 

The optometer may be made of a flip of card- paper, or of ivory^ about eight inches in: 
length, and one in breadth, divided longitudinally by a black line, which muft not be too 
ftrong. The end of the card muft be cut as is (hown in Plate XlV. Fig. 7, in order that it 
may be tui^ncd up, and fixed in an inclined pofition by means of the flioulders : or a de- 
tached piece, nearly of this form, may l^e applied to the optometer, as it is here engraved. 
A hole about half an inch fquare muft be made in this part ; and the Cdes fo cut as to re* 

ceive a Aider of thick' paper, with flits of diflferent iGzes, from a fortieth to a tenth of an inch 
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in breadth) divided by fpaces tomewhat broader; fo that each obfenrer may choofe that 
vhich beft fuits the aperture of his pupil. In order to adapt the inftrument to the ufe of 
prefbyopic eyes, the other end mud be furnifhed with a lens of four inches focal length ; ' 
and a fcale muft be made near the line on each fide of it, divided from one end Into inches, 
and from the other according to the table here calculated from Cor. 7. Prop. IV, by means 
of which,, not only diverging, but alfo parallel and converging rays from the lens are referred 
to their virtual focus. The inftrumeat is eafily applicable to the purpofe of afcertaining the 
focal length of fpeftacles required for myopic or prefbyopic eyes. Mr. Cary has been fo 
good as to furnifh me with the numbers and focal lengths of the glafles commonly made ; 
and I have calculated the diftances at which thofe numbers muft be placed on the fcale of the 
optometer, fo that a prefbyopic eye may be enabled to fee at eight inches diftance, by 
• ufing the glafTes of the focal length placed oppofite to the neareft crofllng of the lines ; and a ' 
myopic eye with parallel rays, by ufing the glafles indicated by the number that ftand op- 
pofite their furthcH crofling. To facilitate the obfervation, I have alfo placed thefe numbers 
oppofite that point which will be the neareft crofllng to myopic eyes; but this, upon the 
arbitrary fuppofition of an equal capability of change: of focus in every eye, which I mufl: 
confefs is often far from the truth* It cannot be expefted, that every perfon, on the firfl 
trial, will fix precifely upon that power which befl: fuits the defe£l of his fight Few can 
bring their eyes at pleafure to the ftate of full aflion, or of perfeA relaxation ; and a power 
two or three degrees lower than that which is thus afcertaincd, will be found fufficient for 
ordinary purpofes. I have alfo added to the fecond table, fuch numbers as will point out jt!he 
fpe£lacles neceflary for a prefbyopic eye, to fee at twelve and at eighteen inches rcfpeflively •- 
the middle feries will perhaps be the moft proper for placing the numbers on the fcale 
The optometer fhould be applied to each eye ; and, at the time of obferving, the oppofite. 
eye fhould not be fhut, but the ixiflrument fhould be fcreened from its view. The place of 
interfedlion may be accurately afcertaincd, by means of an index Aiding along the fcale. 

The optometer is reprefented in Plate XIV. Fig. 8 and 9 ; and the manner in which the.* 
lines appear^ in Fig. 10. 

Table I. For extending the fcale by a lens of 4 inches focus. 
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the numbers indicating the fecal length of convex ghjfes. 
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Focus and 
furtheft 
place. 

8 
7 
6 
5 

4.5 

.4.0 

3,5 


Neareft 
place. 


Number. 


Focuiand' 

furtheft 

place. 


Neaxrft 
place.' 



1 

2 
3 
4 
5 

6 


24 • 
18 
16 
12 
10 
9 


4.00 
3.43 
3.27 
3.20 
3.00 
2.86 
2.77 


7 
8 
9 
10 
11 
12 
13 


2.67 
2.54 
2.40 
2.22 
2.12 
2.00 
1.87 


14 

15 
16 
17 
18 
19 
20 


3.00 

2.75 

2.50 

2.25 • 

2.00 

1.75 

1.50 


1.71 
1.63 
^54 
h44 
I. S3 
1.22 
1.00 



VI. Being convinced pf the a^dvantage of making every obfervation with as litde «fliftanc0 
as poi&ble> I have endeavoured to confine mod of my experiments to my own eyes ; and I 
{hall, in general, ground my calculations on the fuppoCtion of an eye nearly Cmilar to mj 
own. I (hall therefore firft endeavour to afcertain all its dimenfions, and all its faculties. : 

For meafuring the diameters, I fix a fmall key on each point Qf a pair of compafles } mnd 
I can venture to bring the rings into immediate conta£l with the fderotica. The tranfverfe 
diameter is externally 98 hundredths of an inch. 

To find the axis, I turn the eye as much inwards as poflible, and prefs one of the keyt 
clofe to the fclerotica, at the external angle, till it arrives at the fpot where the fpeAruin 
formed by its preflure coincides with the direction of the vifual axis, and» looktQg in a gUfSt 

I bring the other key to the cornea. The optical axis of the eye, making allowance of three 
hundredths for the coats, is thus found to be 91 hundredths of an inch, fro|n the external 
furface of the cornea to the retina* With an eye lefs prominent, this method might not 
have fucceeded. 

The vertical diameter, or rather chord, of the cornea, is 45 hundredths : its verfed fine 

I I hundredths. To afcertain the verfed fine, I looked with the eight eye at the insiage of the 
left, in a fmaU fpeculum held clofe to the nofe, while the left eye was fo averted that the 
margin of the cornea appeared as a (Iraight line, and compared the projeAion of thecomea 
with the image of a cancellated fcale held in a proper direction behind the left eye, and clofis 
to the left temple. The horizontal chord of the cornea is nearly 49 hundredths. 

• Hence 
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Hence the radius of the cornea is 3 1 hundredths. It may be thought that I afligo too great 
a convexity to the cornea; but I have corre£lcd it by a number of concurrent obfervations^ 
which will be enumera^d hereafler. 

The eye being ^ire<5led towards its imagei.the projeAion of the margin of the fclerotica 
is aa hundredths.from :the margin of the cornea^ towards the external anglci and 27 towards 
the internal angle of the eye : fo that the cornea has an eccentricity of one-fortieth of an inch| 
with refpeft to the feAion of the eye perpendicular to the vifual axis. « • 

The aperture of the pupil varies from 27 to 13 hundredths ; at lead this is its apparent 
fize, which muft be fomewhat diminiihed^ on account of the magnifying power of the 
cornea, perhaps to 2.5 and 12. When dilated, it is nearly as eccentric as the cornea; but* 
when mod contradled, its centre coincides with the refle£tion of an image from an objeA 
held immediatdy before the eye; and this image very nearly with the centre of the whole 
apparent margin of the fclerotica: fo that jthe cornea is perpendicularly interfe£led by the 
' vifual axis* 

My eyci in a ftate of relaxation, colleAs to a focus on the retina, thofe rays which 
diverge vertically from an obje£^ at the diftance of ten inches from the cornea, and the rays 
which diverge horizontally from an objeft of feven inches diftance. For, if I hold the 
plane of the optometer vertically, the images of the line appear to crofs at ten inches : if 
horizontally, at feven. The difierence is exprefTed by a focal length of 2^ inches. I have 
never experienced any inconvenience from this imperfe£lion, nor did I ever difcover it till 
I made thefe experiments ; and I believe I can examine mbute obje£ls with as much ac« 
curacy as moil of thofe whofe eyes are differently formed. On mentioning it to Mr. Carfy 
he informed me, that he had frequently taken notice of a fimilar circumftance ;. that-maay 
peribns were obliged to hold a concave glafs obliquely, in order to fee with di(lin£lnefs, 
counterbalancing, by the inclination of the glafs, the too great refra£live power of the 
eye in the direction of that inclination, (Cor. 10. Prop. IV.) and finding but little aflift- 
ance from fpeftacles of the fame focal length. The difierence is not In the cornea, for it 
exifts when the effeA of the cornea is removed by a method to be defcribed* hereafter. 
The caufe is, without, doubt, the obliquity of the uvea, and of the cryllalline lens, which 
is nearly parallel to ir, with refpeA to the vifual axis : this obliquity will appear, from the' 
dimcnfions already given, to be about ip degree^.^ Without entering into a vofy* accurate 
calculation, the difference obferved is fpund (by the fame corollary) to require an inclination 
of about 1 3 degrees ; and the remaining three degrees may eafily be adde«), by the greater 
obliquity of the pofterior furface of the xryftalline oppofite the pupil. There would be no 
difficulty in fixing the glaffes of fpeflacles^. or the concave eyc-glafs of a celefcope, in fuch 
a pofition as to remedy the defe£b 

In order to afcertain the focal dlftafice of the lens, we mull affign its probable diftance 
from the cornea. Now the verfed fine of the cornea being 1 1 hundredths, and the uvea 
being nearly flat, the anterior furface of the lens muft probably be fomewhat behind the 
chord of the cornea ; but by a very inconfiderable diftaace, for the uyea has the fubitance 

. of 
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of a tluo membrane^ and the lens approaches very near to it : we will therrfore cs(Q this 
4i(Unce 1 2 hundredths. The axis and proportions of the lens muft be eftimated by cona- 
parifon with anatomical obfervations; fince they afFef^i in a fmall degree, the detenvina- 
tioa of its focal diftance. M. Petit found the axis almofl: always about two. lioesi or iS 
hundredths of an inch. The radius of the anterior furface was in the greateft number 3 
linesi but oftener more than lefs. We will fuppofe mine to be: 3^ or t^rly ^^ of an indi* 
The radius of the pofterior furface was moft frequently 2^ lincst or | of an inch*^ The 

optical centre will be therefore [ ^=: ) about one-tenth of an inch from the an- 



rferior furface : hence we have 22 hundredths, for the diftance of the centre from the eornea. 
^ow, taking 10 inches as the diftance of the radiant point, the focus of the cornea will be 
1 15 hundredths behind the centre of the lens. (Cor. 5. Prop. IV.) But the aflual joint 
focus is (91 — 22 =) 69 behind the centre : hence, dlfregarding the thicknefsof the lens, 
its principal focal diftance is 1 73 hundredths. (Cor. 7 . Prop. IV. ) For its refi*a£Hve power 
in the eye, we hav^ (by Cor. 7. Prop. IV.) n =r 13,5, and m := 14,5. Calculating upon this 
xefraAive power, with the cohfideration of the thicknefs alfo, we find that it requires a 
correAion, and comes near to the ratio of 14 to 13 for the fines. It is well known that the 
refradive powers of the humours are equal to that of water; and, that the thicknefs of the 
^cornea is too equable ro produce any effeA on the focal diftance. 

For determining the refraAi^e power of the cryftalline lens by a dire^ experiment, I 
snade ufe of a method fuggefted to me by Dr. Wbllafton. I found the refrad^ive power of 
the centre of the recent human cryftalline to that of water, as 21 to 20. The difference ol 
this ratio from the ratio of 14 to 13, afcertained from calculation, is probably owing to two 
circumftances. The firft is, that the fubftance of the lens being ifi fome degree foluUe in 
water, a portion of the aqueous fluid within its capfule penetrates after death, fo as fom^ 
what to lefien the denfity. When dry, the refra6);ive power is little, inferior to that of crowii 
glafs« The fecond circumftance is, the unequal denfity of the lens. The ratio of 14 to 13 
is founded on the fuppofition of ai;i equable denfity : but, the central part being the moft 
denfe, the whole a£ls as a lens of fmaller dimenfions \ and it may be found by Prop. VIL 
that if the central portion of a fphere be fuppofed of uniform denfity, refrafting as 21 to 20f 
10 the diftance of one-half of the radius, and the denfity of the external parts to decreafe 
gradually, and at the furface to become equal to that of the furrounding medium, the 
fphere thus conRituted, will be equal in focal length to a uniform fphere of the fame fize^ 
with a refraftion x)f 16 to 15 nearly. And the cffeft will be nearly the fame, if the central 
portion be fuppofed to be fmaller than this, but the denfity to be fomewhat greater at the 
furface than that of the furrounding medium, or to vary more rapid externally than' inter- 
nally. On the whole^ it is probable that the refradive power of the centre of the human 

* Mem. de TAcad. dc Paris, 1730. p. 6. £d. Am(L 
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tryftalline, in its living ftate, is to that of water nearljr as 1 8 to 17 ; that the water im« 
bibed after death, reduces it to the ratio of a i to 20; but that, on account .of the uneqa&bh 
denfity'of the lens, its 'tSt6t in the eye is equivalent to a refra£lion of 14 to 13 for its 
whole fize. Dr. WoUafton has afcertained the refra£tion out of air, into the centre of the 
redent cryftalline of oxen and (heep, to be nearly as 143 to 100*, into the centre of the 
cryflallinc of fifli, and into' the dried cryftalline of (hdep, as 152 to 100. Hence, the re- 
fra£tion of the cryftalline of oxen in water, (hould be as 15 to 14 : but the human 
cryftallinei when recent, is decidedly lefs refra£live. 

(To be continued,) 
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On the Mtajure tfa Slup^j Departure by the Re^aBion of tbi Fluid through which it paffcu 

By JOBN CoOKEy Efq. . . , 

A 

to Mr. NICHOLSON. 

July 22, i8or, No. 14, JCtldare Sireety Dublin^ 

OiNCE the year 17939 when I firft communicated my fcheme to you for afcertaining 
diftance at fea, by the afcent of water in a tube oppofed to the (tream, it occurred to mt 
that departure might be meafured in the fame manner, and of feveral plans which I con- 
ceived for this purpofe, the following feems to be the mod praAicable. It is an indru- 
ment fimilar to that defcribed in the 48th page of the 4th Vol. of your Journal, with thefe 
alterations : 

Firft, the horizontal and txtO. parts of the tube muft be two diftin£l pieces, the former 

• * - ' 

being moveable in an horizontal circle on the extremity of the latter, fo that the ere£l part 
of the tube may be fixed to the veflel, and made water tight, without impeding the motion 
of the horizontal part of it. 

Secondly, the rod which in the dlftance inftruraent is attached to the lee- way vane, Is in 
this inftrument attached to the bottom of the horizontal tube, fo that the orifice of it may 
be pointed thereby in any horizontal dIre£kion, and fcrewed f^ft in that pofition ; and the 
lee- way vane, which is uoneceirary according to this method, is to be removed. 

Thirdly, the extremity of the horizontal tube is to be fo formeH, as to be capable of 

moving up and down on horizontal pivots with two plates, like the fins of a fi{h extending 

behind it to keep the plane of the orifice in a vertical pofition, notwithftanding the heeling 

i • 

of the Qiip, which differs from the apparatus annexed to the diftance inilrumcnt in this, 

that the obje£): of the former is to prefent the orifice perpendicularly to the' ftream in all 

Vox,, v.— October iSor. Mm cafcsj 
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cafea» bat id this it is 00I7 required to keep, the orifice petpendlcullar to the horisroiit 
it ffwh it be prcfented to the lin^ of ipotion in an oblique direction. 
.. If th^ horizontal fji^be of fuch afi^iuftrumcnt be placcd> by means .of the dire&iog ro4 
apd indc^ in a true eaft or weft 4ir^4f^'^ according as the (hip makes eafling or wcfttngp 
(which dirc£^ion cQofcqueotly muft be altered as often as the (hip's cburle is altered}* the 
quantity 0^ valer difchar^ed ther^y wiU be proportionate to the. departure^ which 9ppear% 
(ro9i the follo.wing confi^eratipps : . 

When the plane of the orifice of this ioltruro^nt coincides with the plane of a naeridiaot 
if the fliip moves in a due eaft or wf (t courfci the dixtdi impa£l of the water will occafion 
a difcbarge from the orifice, which meafures the fpace pafTed over (as was (hewn in the 
Cftfi&.of tho . diiUnce inftriunent) but in failing on a parallel circle this igtdot is. the' 
departure, 
' Again, if the (hip fails along a meridian with the orifice of the tube ''pointed as before^ 

the ftream will be parallel to the plane of the orifice, and therefore will occafion no pref- 

• ". .... . .• •• .'".■.■' 

fuoe on it, or difcharge of water fibm^ the aperture, inf which cafe alfe the departure i» 
^eprefented by the rcfult, becaufe a (hip failmg mi a meridian makes no departure- ' 

And laflly, if this indrument (the orifice being flijl in the plane of a meridian) be moved 
.alpt)g a rhumb-line, the reCftance which the lowett plate of water at the orifice meets, is 
the fame as that which the orifice of a fimilar.inftrument would meet in pafling over the 
departure of that rhumb in a dire£l pofition, and in the fame time, becaufe theprefibre on 
each orifice is as the produft of the force and number of impinging particles which ftrikck 
it \ but the force of a fingle particle on the dircA orifice, is to the force of. a particle pa 
the oblique orifice in a ratio compofed of the ratio of their velocities, th^t is, as departure to 
d'iftancej and of the ratio of radius to the fine of the angle of obliquity, that i$, a9 itftance 
to departure : therefore thefe forces are in a ratio compounded of the direct and inverfe 
ratios of the fame pair of quantities, which b the ratio of equality> and every particle 
firJkes each orifice with equal force. 

Again, the number of particles which (Irikes thefe orifices is the fame, becaufe they con- 
ftitute two homogeneous columns, which having the fame bafe, and lying between the 
fame parallel planes are equal, whence it follows, that the prefiures on thefe orifices arc 
equal at all times, and confequently the quantities of water difcharged through thefe aper* 
tures in equal times are equal alfo ; but fince the quantity difcharged from the direft in^ 
ftrument would meafure the fpace pafTed over by it, which is the departure, it is evident 
that the quantity difcharged from the oblique inftrument in the fame time muft give the 
departure alfo, and in general that the fpace given by fuch an inftrument in an oblique 
pofition, is as the fine of the angle of obliquity ; hence it is evident, that if this inftrument 
be ufed with its orifice pointed to the north or fouth, inftead of the eaft or weft, that it 
will (hew the difference of latitude, which furnifhes the beft method of trying the per* 
fermance of the inftrnment i for if when ufed in this (hape at fea, the difference of latitude 

found 
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found thereby (Ttould agree with that had from obfervationi it may be fafely concluded^ 
that ic will meafure departure with the fame degree of certainty, 

The principal idvanta(;e which die departure inftrumeot Ceeina to Jbnre oyer ihe'dtft&itfft 
inftrument, is, that the error «f lee*way is intirely avoided tp-it; this may be eafily con- 
ceiredt by confidering Jiat the roagoetic needle points out the angle between the meridian 
and the line of the iliip'skeelj (fqppofing no variation) but Gnce the line of her motion it 
feldom the Tine of her keel, this angle is feldom the true courfe ; but in this method the 
line iof the (hip's keel does not enter into confideration, the angle made ufe of is that whi<9i 
is contained between the meridiaoi fuppofed to lie in the plane of the orifice and the diree- 
tion of the ftream, whicb mull be the (hip's true line of motion, and confiquently fhis Is 
the true courfe^ without addition ordedii£lion for lee-way. 

If the moveable orifice at the eztrenifty of tlie immerfed tulie were removed, it wovilfl 
Emplify and improve the infirumeDt imioh 4 the error which it is intended to correA,' it 
that occafioaod by the deviations of the plane 'of the orifice irom perpendicularity, which 
"Vrhen moving in an inclined pofitioa receives an undue dc^gree of preflur^ and mifre^prf- 
ients £be departure ^ ia thb Stoat^o the prcfltire on 4t}ie orifice is dimim(hed as the.AliUire 
•of the fine of inclination ^ therisforef if tiie fpouiing aperture wcie to be increafcd in ^a 
ns the fine of inclination is diiminiflndy the eoror wouU be exa£lly compcnCited^ became 
4hc fe£Uon of the fpoiitiog ftream being then imrerfejj as its velocity, the quantity of iwater 
delivered mult remain the fatnei which may perhaps be effe£led in -the following. mAunepr: 
.kta Aiding cover be joined lo tbp fpouting aperture, which may increafe or diminiflik Iby 
lieing moved up or down, and if the aperture be of fnch a form that ito .area may be en* 
larged in the ratio of the elevation of this Aide, a pendulum moving (teadily in th.e.plane of 
the two parts of the tuhei may be to connected with .the Aide .as. to ^ve it a motion pro* 
portion^vte to the fine of inclination, which would .have tbe.defired-effe£l ; but <he ;liJ9Bculty 
in this cafe would be to give the pendulum a flow deliberate, motion : .however, if its vibra- 
tions were to be regulated by the vefiflance of air contained in z comprejQSble cafci with 
ihiall holes for its efisape -and return, all fudden vacillations would be checked therebft and 
4he pendulum would obey gradually every mQtion of die/lhip .wbid^ jnight zoquire this 
^correAion. 

If you think that this Paper merits infertion in your Journal^ itia^ yoor.difpofal* 

1 am, SIRf 

« 

Tour much obliged, 

'•»■... . 
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Report made to the Chfs of Ph^cal and Mathematical Sciences of the InJUiute ofPraficey by 
CmzENS GuYTOS and yAUf^UELJ^i on a Memoir of Citizen Thenardy ehiitkd^ *• Ob" 

* fervations on the Combination of the Tartareous Acid^ with the Salifiable Bafts ^ and the Pr^ 
perties of the Salts thus produced. ^^^ 

XT bas long been known that the tartareous acid has a ftrong tendency to form triple 

' ' . ' ■ » 

conibinatbns ; among which the (alt of.Seignette> martial tartar> tartar emetic, and various 
£alts of this nature ufed In medicine are inAances ; but Citizen Thenard has greatly added 

to the aumber of thefe combinationsi by others which have hitherto been unknown. 

.' • • . ' / . •,....,.. ■ ■ . . • 

Triple SaltSf Alcaline and Earthy. 

The author \v^as led to thefe difcoveries by mixing folutions of Hme^ barites^ and (Iron* 
tiani with che'folution of the acidulous tartrite of pot-aOi^ ' He remarks^ that the firft 
"jJortions of either of thefe earths produced no' precipitation in ' the folutxoh of tartntc of 
pot-afh, and that no change is feen in the fluid till the moment when the excefs of the acid 
of the cream of tartar approaches its term of faturatioh ; and that if this point be not ex- 
ceeded, there will be formed on the (ides of the veiTcl tranfparent cryftals, in wdich ana- 
lyfis has (hewn him the prefence of tartareous acid, pot-aQi^ and the earth in queftiom 
'This firft obfervation led him to prefume, that the tartareous acid maybe fufceptible of 
' many other combinations of this kind, and the experJRlents wie are about to relate were 

• the cooTequences. 

1. A combination is formed between the tartrite of pot-a(h and that of Kme, from 
which refulrs a fait with a double bafe foluble in water. This faft explains why no pre- 
cipitate Is afforded, when lime water is added to the tartrite of {tf>t-a(h, unleft the quantity 
be fach as to exceed v^hat is neceflary to form the triple fait. - ^ 

This fait may be^ obtained in the cryftallinc form, if at the moment when the precipita- 
tion begins to manffeft Itfelf the fluid be left to repofe* A (hort time afterwards it be- 
comes clear, and depofits on the furface of the glafs cryftals, of which Citizen Thenard 
was nor able to determine the figure. 

2. Analogous combinations take place between the tartrite of pot-a(h, bariteS} and ftron- 
tian, each taken feparately. This is (hewn by the limpidity which the fluid pseferves^ fo 
long as the mafs of the earths added does not exceed certain limits. Now as the author 
remarks, this phenomenon cannot take place but by the efle£l of a triple combination, be- 

'caufe ^e fimple and neutral union of the tartareous acid with either of thefe earths, falls 
down as foon as it is formed. 

3. The tartrite of magnefia has likewife a certain affinity widi the tartrite of pot-a(h, by 
virtue of which they contrad an intimate union. The fait refulting does not cryftallize ; 

•- Annales de Chimif, XXXVm. 30< 
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St attraAs the humidity of the air and becomes vifcid by heat. Pot-afli feparates the mag* 
nefij, which proves contrary to the opinion of Bergmann, that this alkali has a ftronge]r 
attra£tion for the tartareous acid, than for that earth. It is more ; eafily prepared by 
heating magnefia, recently precipitated from its foiution, by a cauftic'alkali andftill inthc 
humid (late, with the folution of cream of tartar. 

J.. From the union of alumen with the acidulous tartrite of pot-a(h, a faltne fubftance 
refults which is not cryftallizable, nor precipitated by the alkalies, whether pure or carbo- 
nated. To afcertain the caufe of this fingular effcd. Citizen Thenard combined, by meang 

» 

of a gentle heat, gelatinous aluihen. to tartrite of pot-a(h« and though a conHderable quan* 
tity of the earth was diiTolved, there was not any trace of pot-a(h having feparated. 

This experiment (hews the reafon why pot aQi does not occafion' a depoGtion in the 
tartrite of aliimen in combination with p6t*aih, namelf , that in this cafe the vegetable fait 
which is formed retains in folution the alumen feparated from the tartareous acid. 

The fait of Seignette prefented the fame properties. 

5. He alfo mentions the ammoniacal tartrite of pot-afli^ which cryftallizes in fine tranf* 
parent cryftak, decompofable after a time by cxpofure to the air ; this fait is already known* 

Concerning the Alkaliney Earthy^ and Metallic Acidulous Tartriies. 

Citizen Thenard in this fe£lion fliewst chat the tartrites of foda, of magnefia, and of 
copper, unite with a fuper-abundance of their acid, and by that means produce acidulous 
faltSj lefs foluble than the neutral tartrites. This property was before obferved in the tar- 
trite? of pot-a(h, of ioda, and of ammonia. 

If to a folution of tartrite of copper, which is very foluble, and difficultly cryftallizable^ 
there be poured a fufficient quantity of pure tartareous acid, a new combination is ofFeAed 
of fparing folubility, and of which almoft the whole falls down under the form of a white 
blueifh powder, which foda, pot-a(h, and the carbonate of pot^afh diflblve completely 
without any feparation of the copper. 

The water in which the acidulous tartrite of copper has been precipitated, does not be- 
come blue by ammonia, which proves that no part. of the fait has remained fufpended, and 
. confequently chat it is of very fparing folubility. 

Order of Aitra^ions of Earthy and Alkaline SuhflanciS^ with Regard to the Tartareous Acid. 

After having compofed the triple falts here fpoken of, and exhibited their principal pro- 
perties. Citizen Then^ird determines by. comparative experiments, the degrees of affinity 
which the alkalies and the earths have for the tartareous acid. Accordinj^ to him lioie 
mud occupy the firft rank, andbarites the fecond, and the others in the following order^, 
firontian, pot-afh, fodaj ammonia, magnefia, and alumen. 

.< ^ AfdalUc. Alkaline Tartrites. . 

Citizen Thenard then pafles to the examination of the metallic alkaline tartritesi amosg 
' which he principally di(Ungui(he8 thofe of manganefe, zinc^ tin, copperi lead, mercury, 

S andi 
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and filvfr. In onkr to prepare them he oiakes ofe of difiereiit methodfty acoordiiig to the 
nature of die ttiettiK Thcfe which hrre the propertf of <tef;«inpo6iig^ater) can be em- 
ployed hi the iMtntlio fttftc, others, m die ftate of oxide, and fome dtflbked in the acids; 

^tftc ami iron are in the firft claft-*-copper, tii^ and kad in ^ fecond^^-mcrcuFy and 
filver in the third. 

The alkuKne tartri^s t»f manganeie, of iron, of zinc, and of tin, are very foluble, and 
difficoltly cryftanieable^ Their tafte participates more or iefs of the metallic^ oxides which 
they contain. None of thetn is decompofed, or at leaft precipitated, either by cauftic 
alkali, or the alkalitie carboifates^ bnt they are all deoofnpofed by fulphurated htdtogcn, 
hidro-fulphuret, and the gallic add. There is however an exception with regarf.;to tbo 
fait of manganefie and fulphnrated htdrogesu 

The alkaliTie tartrite of copper is difiinguifhed fnDm the other tartrites by its faccharine 
tafte, and the great ^aantity of metal it contains. Tliat of lead is not folubie. It is not 
decompofed by the alkalis, and what is remsRrkabk^ it is not decompofibie even by the 
fafphates. 

- The tartrites of pot*afli aifrd of (dver, •of fpt-afli, and of mercury^ do not follow the ge- 
neral rule ; they are decompofed by the alk^ies, the alkaline carbonates, fulpharated hi« 
drogen, the hidro-fulphurates, the fulphates, and the muriates. 

Though tartar emetic, or antimoniated tartarite of pot-aih, has long been a fubjod of 
inquiry by many chemifts, and a number of interefting properties have been difcovercd in 
confequenc^. Citizen Thenard direfted by new ideas, has made fome additional dificovd** 
ries. He fhews for example, that a folution of this fait, which is decompofed and proc)- 
pitated by the alkalies and the carbonates, ceafes to be decompofed if a fnflicient quantity, 
of tartrite of pot-a(h be added, in order that this fait may retain the ollde of antimony tti 
folution. 

It Kkewife entered Into the plan of this chemift, to fubmit the tartar emetic to a mofe 
accurate analyfis than has hitherto been made, and this analyfis has required that of variova 
otlier falts, particularly the nitrate of poc^afh or falt-petre, the proportions of tbeclcRienta 
of wWch effentially intAeft many of the artis. • 

In order to obtain this refult, he expofed loo parts of cryftallifed tranfpvfciit'emetic 
tartar to a gentle heat, in order to drive off merely the water of cryftallizajtjon. It was 
reduced by this operation to 92 parts. After haying difToIved thefe 92 parts in water, he 
precipitated them by.fulphurated hidrogen, which afforded 50 parts of golden Tulphuret, in 
which there are, according to other experiments before made byliim, 38 parts of bxid^ of 
antimony, fu'ch as it exifts in the emetic tartar. In order to afcertain the quantity of tar- 
tareous acid, he mixed the acetite of lead with fuperabundance of acid, in the liquor fepa« 
rated from the golden fulphur, and he,a]btaiiied one hundred parts of tartrite of leaH, 
which contain^ according to his aiuilyfis, 66 psirts <tf ASde of lcad> and 34 of urtareous 
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ifaving formed by thcfe fifli]^e metliodji the proportions of water and (artareoua add^ 
^nd of oxide of amiroonyin emetic tartar, there remained notbtag more for Ctrixcii' 
Thenard to determine than the proportion of pot-aflit which would have heea eafy for him 
to have come at by fubtrafling the quantities already known from the fum total employed i 
but he clrofe rather to hafc recourfe to experioient, and by that means to verify hta former 
operations. He tfaerefoie took lOO nev parts of emetic, calcined them- in a crucible riU 
the tartareous acid muft have been docompofed, and afterwards treated the refidue with 
weak nitric acid. He preferred this acid to all the others, becaufe it does not diflblve the 
oxide of Antimony, and the ley afforded him by evaporation, 30 parts of nitrate of pot* 
afli. Me might have deduced the quantity of pot-a(b contained in thefe 30 parts of nitre 
from the analyGs \;;iven by many chemiils, but the refults of their analyfis being very dif* 
fcrent, he could not know which to depend on. He therefore chote to refumo this ope* 
ration himfelfj and he found that this fait is formed of 53 parts of pot-nfl)| ^ird 47 of nitric 
acid, and accordingly that 30 parts of nitre contained 16 parts of pot-afl). Whent^ wc 
may eftablifh the following proportions for lOo parts of emetic; namely, antimony 38^ 
tartcireous acid 3,4, pot-afli 16, water 8, and lofs 4. 

The acidulous tartrite of pot-afli being formed according to the analyGs made by Citiscfi 
Thenard of 57 parts of tartareous acid, 33 of pot-afli^'and 7 of water^ and* the tartareous 
acid .dividing itfclf in the fabrication of tartar emetic, between the pot-a(h and the oxide 
of antimony, we may conclude^ that 100 parts of tartar emetic contained 34 parts of tartritc 
of pot-aCh,. 54 of tartrite of antimony, and 8 of water, becaufe 100 parts of neutral tartrite 
if pot«a(h contained 48 parts of acid, 43. of pot-a(h, and 7 of water. 

Citizen Thenard having obtained by analyGs 57 parts of tartareous acid,. 33 of pot-afh, 
and 7 of water from the acidulous tartrite of pot-aQi ; and having compared the propor- 
tions of the tartrite bf poc-aih and antimony which conftitute emetic tartar, he found that 
there is in cream of tartar more tartrite of pot-a{h than is neceil'ary to faturate the tartrite 
of antimony; that this excefs of fait remains in the mother water of emetic tartar, and 
that in order to obtain this laft fait in a date of purity^ the cryftals obtained from the firfl: 
evaporatbn only mud be coUe£l;ed. 

"^GONCLUSION. 

The experiments contained in the memoir, of which thtf CommifTaries have given this 
account are numerous, intereding, and made as to them appears, with all the accuracy 
which chemical methods are fufceptible of. They prove that mod of the tartrices can 
combine with each other, and form triple falts which have particular properties. There 
are fome in fa£l which have for their bafis two alkalies, others an alkali and an earth, 
others an alkali and a metal, and others an earth and a metal. What is remarkable is, 
that mod of thefe bafes which are fcparated by the alkalis from their Cmple combinations 
with the tartareous acid^ are not fcparated when in the date of triple fait. 

BcGdes 
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Befidel thefe ihtereftibg fads, this memoir contains other analjrfet which arc Yery mil 
madct of fubftances of confeqaencc to feveral arts and to medicine^ as to. the aocuracy of? 
their proportions. . . 

The commifTaries are therefore of opinion that tlie clafs fliould order it to be printed la 
the volumes of the Savans Etrangers; and that Citizen Thenard. would. render a great 
fervice to chemiilry by continuing to employ himfclf on the fame, plan upon tbefe cotp- 
plex combinations of which different natural bodies. are fufceptible; this important olycft 
having been hitherto too much negle£ted by chemifts. 
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LATE XII. Fig. I, reprefents the f<(£lion of an apparatus) coqfifting of two vefiels \ 
viz. A A, is a vciTel 4 inches in diameter, and 4 inches high, (omitting its ftandy by'whicd 
it reds over another veifel, prefently to be defcribedi) having a tube (of one piece with it) 
a^ \ and ^ in diameter, and 4 inches deep.- This tube has a horizontal rim or fliouMer) 
at \ of an inch from the top,^ and is open at both ends ; tbe lower one being clofed occa- 
fion.illy) in the manner hereafter to be defcribed ; aiid the top of the tube, when the ap« 
paratus is of glafs, by a (lopplc^ or, if conftruftcd of tin, by a fliditig cover, fixed on the 

lid b, 

C» is the cover or lid of this vefTel, fitting over it quite clofe, and having a collar to fit 
over the tube, likewife, down to its fhoulder. 

B, reprefents a fecond vcflTcl upon which the former fits clofely, but not tight. This 
veflclis 3 inches and f in height, having a conical cup (of one piece with it) b^ i inch and 
4- diameter at the top, and i inch in diameter at the bottom, and three inches in depth : 
this cup is inclofed, at the diflance of \ of an inch, by a thin partition c c^\ of one piece 
likewife with the vcfTei. ^ . 

* This vcflfel, when ufed, is to be filled up to this rim or Oioulder only \ that fcnring as a guard to pre- 
vent the frigorific mixture from getting into the tube: hence, the capacity of the vefTel ending here, its 
height, and that of the tube, may be confidered as 3 inches and ■!• 

f Having afcertained by experiment, that a ilratum of air of this thicknefs did not prevent (doling the 
length of time which is required to freeze the water, and reduce the ice to powder in the tube a) the m;iteiials 
in the cup h from receiving the temperature required, yet was ncverthelefs Aifficient to impede the a^iiun of 
the mixture on the materials, when mixed in the cup b^ during ^tjhort tune required to take its temperature} 
or to freeze the quickfilver, 1 adopted this method, in preference to Iettij9g out the frigorific mixture Irom 
the vefltd B, immediately before mixing the lad materials, as foimerly. 
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Vf ktht carer or lid of thUveflel^ ficttng orer it wtter*ttght»* forming a bottom to the 
^eficlj and living a rim | pt an inch deep, as a (land to infulate it frpm tlie table i the 
mhole apparatoi appearing to- fenn, when together, one cylindrical veflel^ 8 inches high^ 
Md 4 tnchei wide, f The YcfleU A and B contain each i pint and ^ ; and the tube a, and 
cop if 1 ounce and 4- each. 

N'B. ITie drawing, with the fcale annexed, gives the fefliqn pf this apparatnsy of 
MMJUf the dimenfions mentioned. The inftrument defcribed in Phil. Tranf..for ijpjt 
.pilge aSt, to be ufed with this apparatus^ (hould be fo long as jnft to pals through tl^e bot- . 
torn of the tube a% viz. ^ of an inch below it. 

Fig. 2* reprefents the Jfiril tb^rmomiter made ufe of in the experiments : it confifts ^ 
'three parts, viz. A is the thermometer^ having its fcale-board (made of box-wood) of zfem* 

§ 

^flmdricsl ftsrm, being flat ia front, and round at the back, in order that it may be adapted 
40 thfi cylindrical tube B B^ in which it Aides eaGly up and down, centrally ^ and may be 
occaGonally taken out of it C^ is a brafs ferrule, cemented to, and forming one piece with^ 
the tube, baring a top or cover, which fcrews off and on. The fcale extends from loo be- 
rbw o, to loo above o; the fcale upwards being carried fo far only as to allow of the un* 
aroidable expanfion to which the fpirit may be fubje£h!d by atmofpheric heat. 

The thermometer (contriyed by myfelf, and rery accurately and neatly executed b|t 
Mr» -Kairne, -phiUfophical inftrument*maker, in London,) is exa£tiy twUe the dimcafiqioa 
#f the reprefentation in the drawing, (as the (cate,) and is graduated to fingle d^rees i it 
has a common qafe, to make it portable. 

N. B< A thermo.m^ter.of the Gze defcribed, is equally fit for an apparatus on a larger or 
{inaller fcale Hun tbat reprefented in Fig. i. 

The apparatus is .ufed thus. The two veffcls being taken apart, ift. A circular piece^pf 
writtng<'|>ap6r is <«nMatcd| .over the bottoflii of the tube a. ad. A frigorific naixturc $ jp 

« If this cover does not fit water tight, it may be made £>, hy the iotermitioii of a tfnq bladder pre- 
▼iouily foaked in warm water. 

t For the parpofe of aicertainiBg the proper proportion of the materials to be mixed at differoit temper* 
atures, and other preparatory matters, I ufed an apparatus of the fame conftni6lion as Fig. 3, Tab. XXIII, 
Phil. Tranf. for 1795, but dlfiering in having two cubet iniUad of one. The dimenfions of this apparatus, 
being adapted to the fame fcale as the formery are thus : the veflcl is 5{ inches high, and 4) ipcbes ia 
diameter ; the tubes are each | of an inch in diameter, and 5 ioches deep. The materials^ bf ing prepared 
/eparately in this vefTel, were afterwards mixed in a wine-glaA. 

By means of this apparatns, in one inftance, muriate of lime put into one tube, in aJl^uid ftate, and 
water in the other, were both confolidated by cold, then ground to powder, and afterwanU mixed { but the 
fait did not grind well, and it moreover eroded and nifted the inftrument. 

t I ufe mucilage of gum arabic, or butter, if the other be not at hand j but it is fufficient merely to dip 
the paper in water, and apply it j the effea of the lireeiing mixture quickly cementing it. 

§ A frigorific mixture, according to the intention, may be ielsfled from the table in page }35 ^ thj* 
paper; or, in dcfca of ice, from the Uble in page 279 of Phil. Tranf. for 1795, The mixture I ufe for 
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made in the vclTcI Bi and the veffcl covered by its lid D, then fet upnghti and tout dnms 

of muriate of 'limi ^^it into the cup ^. 3d. A fimilar frigorific mixture is ^fnadc in thtr 

•vcflel' A A, which is Clofcd with its lid C. 4th. This veflcl being placed orcr thi b^hi:^, as 

reprefented, thtde ilnamij of water are to be poured gently, through a funnel, into thii iuht 

•a; and thfc aperture cbfcd. 5th. When the water is become perfcftly folid kc,* 'the 

grinding inftrument Is to be put in, and, after fuffering it to remain a Ih6rt time to be 

'cdolea, the ice is to be ground gently to fine powder, (an afliftant holding the apparattM 

firjii,) and the inftrument continued quite through the aperture at the botttnn of the tube, 

6th. The i'hole of the icc-powdcr is then to be forced into the cup of tlie lower vefltl, an4 

llirred about in it a littfe, 7th. The upper veflcl being removed, and fet afide, th^ nliiriate 

of lime and ice are to be thoroughly mixed, and a fmaH tube, containing the quick&lvtftr to t)e 

frozen j ftirred about in the mixture} or the bulb of a fpirit-thermometer, to tak^ its ten>- 

perature, whLch,^ if the experiment be condudled properly, will indicate, even if the es^ 

• «■■_. 

• periment be made in fummer,, a cold of — 50°. t 

ThjC apparatus, as reprefented in the drawing, is upon as fit a fcale as may be ireqtiired; 
for comihon experiments; by attention^ however^ to the proportions given> ont of anyfize 

may be procured^ 

. "diMpurpoft, is that con fifting of the ibiution of three different faltt Tn water; and^m order t& atfSertiiii 
I .IKkait projioilioiis may be iiecefTary to fill any (ized vefTel, I (hali give the proportional quantities for a jrtfleL 
, /fostaintng in nieafure a ivtne pint, which are as follows : of muriate of ammonia 3 ounces^ nitrate of potp> 
afh 3 ounces,, fulphate of foda 4 ounces and f, and water IQ ounces : having procured the ialts feparatrly ih. 
fiiie powder, I put thefe firft into the vefifel, ahd then fill up (without meafiiring} the veflel'with water, 

A mixtuce of this kind, made in the fummer, when the temperature of the air is + 70^, will eod dk 
materials to -f 20^'; ancT, if the falts and. water are eoolcd to near 4- 50^, previoufly to mixing,, by im» 
merfion in cold water, to -f 1-Of . My ufual method is, (without taking the ufual. precaution of. cooling tlie 
j&lts,) to add the water much reduced in temperature, by pumping ofif a bucket or more firft, by which the 
materials, confifting of muriate of lime and ice, are cooled to 4- 15* before mixing. 
In winter, the experiment may beeonduded by adding. fnow,,at the temperature of the aic, toinuriate of 

r 

lime, (cooled to a low temperature,) in the vefTel B. In fununer, by adding ice-powder, cooled to a law 
temperature, in the veflel A, to muriate of lime cooled to + 50*,. by water, (inftead of a frigodfic mixture,) 
in the vefTel B-. . » . - 

The temperature of the fprings,. or of well-water, . it it well knowui it in* this, climate nearly -f 50? 
tiiroughout the year. * .' *: ;^*- 

* At this period, I ihake the apparatus, in order to expedite the ffUution of the falts, and to di^alf'w* 
effefls of the freezing mixtures ; or, if neceflary, rem^w them* 

f Mtrriste of lime and ice-powder,, mixed at the temperature of -K 20?, give a cold 4>f .— 48* ^ if nuxed 
tt+ 15, of— 54* J ahd, at.+ 10*, acoldof — 54*i 

The freezing point of quickfilver is -^-SS* 5 but that metal requires a. temperature of .^ 45*, to affiimeits 
perfe6lly folid ftate. 

I have repeatedly frozen quickfilver in the middle of fummer, by mixing together muriate of lime afid ice- 
powder, at "h 20^ 5 and like wife,, by mixing together nitrous acid and ice-powder, at "|*.8^. 

Mutiatc 
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Muriate of Kmc produces no cfieft upon tin or japanned veflels ; hence the apparatus is 
\K?t made of common block-tin ; obferving that the tube and cup be made of the tk'mneji 
tinned iron, and the whole beiidcs of the fame.fiibftamce) but confidcrably thicker. * 
- Xheiube ai)d cup fhould be very fmooth within^fide, and perfedlly central j the tube having, 
as little Team as poiBble, that the griitding inftrument be not obflru£led. 

The grinding inftri^ment aCks bed; when the edge, inftead of being quite horizontalf is a 
little inclined from each Ihoulderi towards the centre. . » 

Ip order to keep this paper within tolerable limits^ I have carefully avoided a repetition of 

.all matters mentioned in my former papers on this fubje£l ; I muft therefore refer to thofef 

efpecially that ^' On the bed Methods of producing artificial Cold/' f for the p^ticular 

mode of conducting experiments on cold; this being eflentially the fame in. principle, 

whatever be the materials made ufe of to tSt(k it.- Hence, the apparatus Juft defcribed ia 

^ applicable to the ufe of the mineral acids , * as virell as to that of muriate of lime \ recoUcAtng 

., that it is neceflary to fubflitute glafs for tin, -when the former af e ufed ( or to give the infide 

of the cup, or veflcl containing ir, a coating of wary to defend the tin from (heir 

a£l:ion« 

Having given an account of Pf. Lowit's experiments on the power of muriate of time 
for producing artificial cold, and added fuch obfervations of my ovirn as refulted from them, 
I (hair conclude* by exhibiting a general view of the different frigorific mixtures compofed 
of chemical fubftances with ice^ as I have before done, (Phil. Tranf. for 1795, page 279,) 
of thofe in which the ufe of ice is difpenfcd with. 

^ The beft method of conftni£ling veflels for the purpoTe of excluding heat, is obvioi»fly to have them 
made of the beft non-condu£ling fubftance, lined withiu with the beft condu^ling fubftance ; hence thefe 
veflels (the tube excepted) might be fitter for the purpofe, if made of wood lined with tin. 

My general rule for conftru6ling the apparatus, is to allow y^ifr times, by meafure, the water to be froxen 
and reduced to powder, in the capacity of the tube that is to contain it i and tbree times the wei j;ht (b/ 
meafure) of the muriate of lime, to the cup in which the muriate of lime is to be cooled, and the ice-powder 
afterwards added to it : and, when nitrous acid it ufed, (inftead of muriate of lime,)/0«r times its weight} 
and about four times the diameter of the velfels to that of the tube. 

The preparatory mixtures, that is, fuch as are ufed for cooling the materials previouily to roixiog, ttt beft 
made of ice and (alts ; thefe retaining their temperature longer than thofe confifting of folutiont of (alts ia 
water or acid \ but, in either'cafe, if neceffiury, they may be occailojuJly renewed, after the water is become 
folid. 

t Phil. Tranf. for 1795, p. 270. 

X Nitrous acid, and vitriolic acid, may at any time be immediately procured from a chenuft^s (hop; 
whereas the muriate of lime, not being ufed for any other purpofe, muft commonly be prepared for this 
akiii% hence it may not unfrequently hapf^ thatthe former, on this account, may be preferred. 
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Tcipp. d^n^ T«Bip. «ti 

Addi a]}4^(^^« fee. before cold. 

Muriate of foda ir ----------- - Snpw a.- - - ■ •^. c* 

, ; l U >^«:^ui*L,L ^^Mariatc of ammonia i| - - . . . — r, - « *--»ta^ 

lo, — 5, Nitrate of pot-afli 5, *l> - - .— ^8^ 

5i Nitrate of ammonia 5, ----- _. 12, - - ~25* 

cla8s n. 
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Dilated viiriolic aciia9* -.----•--•- Snow f 3, +!}»** -^aj* 

Conte^tmted iniiriatic acid 5, • -• - -— -- • •*— - 8^ +32* •— yj* 

Concentrate mtrona acid 4> t - - - -,-.f- • -"S^"-" 7, +32* —30* 

Mttritite of lime 5i - ------,--- .•— ^ 4, +3a® —40^ 

3»** -.--.. 2, +32*^ — sc*"* 

Cauftic Yegeubk alkali 4, - --•-•----. — * 3, • +8a* *-'Si^ 

The above taUe is di?idc4 into two claflet. The fit ft elafs confifts of mixtures of falta 
and ice, in which jthe temperature of mixing is of no confeq^enoe, the iStBt prodbced beipf 
the iame at ao; temperaturo of the air : the fiihs (hould be in the ftate of powder. Ida 
pounded fmall, may be fubftitutedj with eq«al ttkBtf^ for fnow. 

The fecond clafs confifts pf fuch mixtures as will produce an efied greater^ the colder the 
temperature is at which the niaterials are mlxed^ but in a dimim/bing ratio ; ceafing entiralf 
at that degree of cold at which the compofition itfelf freezes, ft The falcs {hould be in the 
ftate of fine ppwdcr^ 

N. B. The figures after the (altti or acids» and ieti ezprefts the proportions^ hy wt^h^ 
to be ufcd. 

* Concentrated vitriolic acid, diluted with half itt wtightof Ai«w« er diftilM wttery tad cooled;' 

t 9adw tlM^ it freihy dry, and uncoM|^r«ffM| or Aich at hM ntror been fobjefl to theefl^sAeiof fi t^pe^** 
ature U6 tbts fipeeiing } ofy when fiioh-it not to be proc«redy ke reduced to powder, in the namier do- 
iaribed.m Phil. Traaf. lor HdS, |i. 311» riMy he AihMtuted in ile ftead, with equal eiiha. 

{ Concentrated /tfmiArj; nitrous acid alone { or concentrated /iii!r nitrous acidj diluted with one-fifth iff 
weight of fnow, or diftilled water, and cooled. 

I Of theftro»gth of 1,4^0, at SO* of beat. 

«• Of tbefti^ngthof 1,450, at W of heat. 

ft The materials may be cooled, previoofly to iniafaig, whea aeqiiiffods by a fVigorilc mixKwe taken inane 
the table : for this purpofe, either of the mixture* in Clafs I* are cou?enient 5 particuy«rly the firft> coniift* 
isg of muriate of foda and (how. 

In 
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In the above table, the ordinary effe£t of fnow, or ice-powder, is given; but, if the 
latter be prepared (ground) with a (harp inftrumeot, ufing light preflure, the tStO. will be 
fomewhat greater, the ice being then reduced to an impalpable powder : hence, ice powder^ 
thus obtained from a block of ice, msLj at any time be fubftituted for (how. 

Cold -is produced by mixing Yarious other chemical fubftances with ice: in the abov< 
table^ fuch only are retained as produce that tffc£X in a remarkable degree. 

As the new nomenclature is now generally adopted, I have ufed it in this paper. 

POSTSRIPT. 

In the courfe of my former papers on the fubje^ of cold, I have had occafion to n^ke«. 
Incidentally, fome remarks on the power of water, under certain circumftance8>. in refift- 
ing an extraordinary d^ree of cold without freezing ; likewife ot^ (he particular kind of, 
agitatioQ, which induces water, cooled below i(s freezing point, to cryftallize or become 
ice. f As thcfe are fubje£is which have likewife engaged the attention pf others, I (hall 
take t!bc liberty of barely mentioning a fzGtf baring relation to thofe ppintSi which h^. 
lately occurred to me. 

It is a remarkable cyrcumftance refpe£ling artificial freezing), thaf the icis thus |irdcured 
in the ufual way, (viz. by immerfing the water to be frozen, in a convenient veflel, in a 
frigoriiSc mixture,) viU always be more or lefs opakc) never tranfparent : this I had con- 
ftantly remarked, without much attepding toit ; bowevcTy having in the courfe of lall fum* 
mer been inducc4 to try the cSc€t of an ice-fpeculiim for producing heat, it becamd neceflary 
that the ice, wh\ch in this inilan^e was fubftituted for glafs, (hQi|ld be perfeflty tranfparentJ. 
After varying the procefs in every ppflUatle .way I could think of, by immerfing the vjoitt to 
be frozen, without efie£t| I at laft fucceeded completely^ by forming a coating' of ice, of 
fufficient thicknefs, on the out(idc of a veflel containing the firigorific mixture; the bottom 
of this veflel, which was made concave for this particular pvrpofe, being immerfed for a 
fufficient length of time in a (hallow pan of water. 

Hence arifes the meaait brichre unkndum to mc». of obtainiag ioC| either in aa opake, or 
perfcAlf Uanfparent ftate ; moreover^ water^ a(( I |i^ve e^pBeripnced lately, CQaftaotly-fciiriiif 
a coatmg of ice (^l tl)^ oift(|4^ 9^ ^ vc^ cmtaiouig a ffigofific miituiCi fil foon as it is. 
CPple4to. +3a^ 

• Phil. TVanf. for ITSfi, page 40I». 
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Thiiofophtcal TranfaBhm of' the Rofal Sotiity cf London fur the Tear i8ai. PdfrtJb^. F^* 
^utrjOf 240 Pages^ fwith^fteen PlsfttSy and a Meteorohgieal JommaL JU>a$lonj .£(i)d jby 

Klmflv. ■ '• ..,■... 

T. ■••■'■•■' ■•■ 
HIS part contains; — i. The Croonian Lednre* On the Irritability &f Net?e8» by 

Everard Home, Efq. F. R. S. 2. The Bakertan Le£lure. On the MechaDtfm of the 
Eye, by Thomas Young, M»D. F. R. S. (Philof. Journal V. 253.) 3. On the neceflary 
Truth of certain ConcluHons obtained by means of imaginary C^antities. By Robert 
Woodhoufc; A. M. Fellow of Caius College. /]. On the Produdion of artificial Coid» 
by means of Muriate of Lime. By Mr. Richard Walker. (See Phil. Journal V.aaa,:a>««) 
5. Account of a monidrous Lamb» by Mr. Anthony Carlifle* t* An AtiRtondical Defcrip- 
tion of a. nnale Rhinoceros. By Mr. H/Leigh Thomas, Surgeon. 7. Demonftradon of a 
Theorem* by which fuch Portions of the Solidity of a Sphere are aiSgtied as admit an Alge- 
braic Expreflion. By Robert WoodhouGe, A. M. Fellow of Caius College, Cambridge. 
8. Account of the Difcovery of Silver in Herland Copper Mine. By the B.ev. Malachi 
• Hitchins. 9. Account of an Elephant's Tufk, in which the Iron Head of a Spear was 
found imbedded. By Mr. Charles Combe. 10. Defcription of the Arfeniates of Copper 
and of Iron from the County of Cornwall. By the Count de Boumon. ii. AnalyGs of 
the Arfeniates of Copper and of Iron, defcribed in the preceding Paper ; likewife an Ana- 
lyCs of the.redo£iahedral Copper Ore of Cornwall; with Remarks on fome particular 
Adodes of AnalyGs. By Richard Chenevix, Efq. M. R. I. A. Appendix. Meteorological 
Journal kc;pt at the Apartments of the Royal Society, by order of the PreCdent and CounciL 



NATIONAL INSTITUTE OF FRANCE. 

Extra ff from the Notice rfihe Works of the Clafs of Mathematical and Phyfical Sckncet^ ^f the 
Uattonal InJUtute of France during the third Trimeftre of the Ninth Tear. 

Natural Philofophy. — iWw Galvanic Epcperiments.^^The combuftion of metals hy this 
])ower as related at page 239 of our laft Number, was difcovcred by Fourcroy, Vauquelinj 
and Thenard, and not by Fourcroy alone as there dated. 

Chemi/lry.-^On the Reduction of the Oxides of Zinc by Charcoal. '^Tht newly difcovcred 
combination of oxigen with carbon in the form of an oxide^ upon which Mr. Cruickihank 
has publiflied fuch an excellent courfe of experiments in thb Journal, has likewife been 
the fubjefb of attention with Dr. Woodhoufe of Americaj and the French cbemifts 
Deformes, Berthollet, Clementi Guyton^ Fourcroy, Thenard^ Haflcnfratz. As this fub- 

8 
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Je£l«wlll form the bafis of more ample communicatton and refearch, I (hall tit>t here attempt 
to give any more concife abridgement of (he communicationa to ihe Inftlcute. 

Aftneralogy — Concerning arfemated Copper in Plates. This mineral from Cornwall^ men- 
tioned by fome X>erman ckc^iftsy; but. liule kpowQ Ui , Fran cej. has been defcribed by 
Lelievre, and analyfed by Vauquelin. It cryftaliizcs in briliiaiit hexagonal plates^ tranf- 
parent, olive^green, which dccrepiiate in the flame of a candle, to which they give a green 
colotir : it i$ very difficoltly fufible by the blow-pipe,, emits a fmell of garliC) colours borax 
green with'reddifh zones^.and is foluble. with efHorefcence. in the nitric acid, to which it 
gives a flight green colour. 

Geohgy.^-^n the Eruptiot^ of Mount: Vefuvins in the fecond Republican Tear.^^Gnc of the 
mod important! points to be determined in the hiftory of volcanos, is the degree of heat 
neccflTary- to give fluidity to the lavas. Is this fire fimilar in intenflty to that which pro- 
duces glafs } or is the fluidity owing to fome other caufe ? Dolomieu has been long em* 

< ployed on this queilion. The eruption of Vefuviua in the fecond year afibrded him the 
means of afceitaining this degree of heat almoft.thermometrically. He found .that this ~ 
heat is not greater than fufes filvefj butlefs than is required to fuCe copper. The metals 
capable of being oxided at* a lefs heat than that which is required to fufe them, have been 
oxtded in the centre, of - the mofl; voluminous mafies. Lead was converted into tefliular 
galena with large fcales, glafs into Reaumur's porcelain, &c* 

On' the Belemnites, — Citizen Sage, who defcribed feveral new fpecies of this foflil in the 
Journal de Phyflque, communicates in this, article fome others, which at that time he had 
2K>t feeiu 

Ateteorology. ^^ Agreement betweefi tbi Variations of the Atmofphere over a great Extent of 

'. C9f/fi/ry.«^The labours of Citi^ffen Lamark, to determine whether the variations of the at- 
mofphere be governed by any periodical law-are wdi known. On the prefent occaGon iie 
has endeavoured to afcectain whether thefe variations extend to great diftances. For with- 
out this condition, every method of predi£ling the atmofpberic changes mud undoubtedly 
be merely local ; and difllerent rules would be required, .even for the greater variations, at 
each diflferent place. His prefent inquiries are confined to the barometrical changes. He 
traced twenty^fix parallel lines uponpaper, toreprefentthe ftations or heights at which the 

• barometrical column ftands in our climate. Other perpendicular lines reprefent the dskys 

. in fucceflion. By this ingenious contrivance (which was adopted very early in the lad 
century) he was able to exhibit a curve denoting. the barometrical variations for any given 
courfe of time. But the inquiries of Lamark demanded, .that he ihould trace in the fame 
pidlure the lines for diflFerent places. One of thefe anfwers to the obfervatory at Paris ; a ^ 
fecond to the refidence of Citizen Piftot of Geneva ; a third to that of C* Thulis at Mar- 
feilles \ and he found that thefe lines afcend and defcend generally together, and differ 
fcarcely at all, but according to the height of the place of obfcrvation, or the extent of the 
variationsi but not their dire^ion.. 



iSo Scimii/e N^nus^ Accounts of Bodu^ iffe. 

Zotfldgy.-^On th mcnoqdous Flea.'^Bjihc vulgar name of water-flea Is known a fmall 
cruftaceous aiitmal^ very abundant in llagnant waters, which has fometimes given rife to 
* the (lory of (howers of blood, becaufe in the fprtng its ova with which it is filled, give ir a 
red colonr, and the waters containing many of thefc animals do then in fa£l appear as if 
they contained blood. The inoft fkilful natnrali(ls» Swammerdam^ De Geer, Schoeffer, 
' and Otto-Frederick Mailer, have fucceffively ftudied this animal, but nature is ineK- 
hauflible in her fmalleft produflions. Citizen Jurine, aflbciate of the Inftitute of Geneva, 
has difcovered in this in(c£k a number of curious circumftances which had efcaped thofe 
learned men. He has defcribed at large its internal and external organization, its fezual 
intercourfe, Sec. The molt Angular fa£t he has difcovered is, that the female, which has 
received the male, tranfmits the influence to its female defcendants, fo that they all pro- 
duce eggs, without recourfe to the male to the fixth generation, after which their young 
perifii in the hatching. Another fpecies has carried this influence of a fingle copulation to 
the fifteenth generation. It is known that fleas have aflTorded fimihr obfervations to 
Bennet. Thefe generations without conjunAion are lefs abundant, and fucceed each other 
lefs rapidly than thofe in which the communication of the male has taken place. 

Botany. — ^Defcription of the new, or fcarcelyknown plants in the garden of Citizen Cels, 
hj C Ventenat. Of the magnificent work here defcribed^ four livraifons have already 
appeared, each containing ten plants. 

Hjftory of the Oaks of America. ^^It is fomewhat Cngular, that the fpecies of the oak 
which are fo few in Europe, fliould be fo diverfiied under the fame latitude in America. 
C. Michaux has given a hiftory of thefc numerous fpecies, which is the more interefting, 
as it is probable that fome of them may be of nmdi utility when tranfplanied into Europe. 

Anatomy. -^On the Symphifis of the Puinr^*^^k)zca Ttmm, who has long been occupied 
en this part of the anatomy of the hsmzn fubjeA, has afcertained that the os pubis does 
sot feparate but in fuch pulvis'as hare a double cartilage, in which cafe the ligaments only 
-are lengthened, and that this ftru£tore is the leaft frequent. 

Tei^htohgy.'-^ifew method of wafhing linen. For the account of this process t>f Chaptal, 
iriJe our laft Number, page 233. 

Paper makif9g,^^C. Seguin, who has been -five years employed en the art of manufac- 
turing paper, has made feveral ufirful difcoTeries to expedite the progfefis. The manufac- 
ture of paper from ilraw diflcofcred ib long ago in Germany, and lately carried into.e€e£k 
hi (his country, is among the improvements of C.'£kguin. But lie has not commonicatcd 
any of bis methods to the Inftitiite. 




'i 






.,--> 



:"^ 




■**—'-■'"■"-»'■-- 



n 

I 

6 
« 
i 

* 


1 

? 
»- 

oi 

«e 

Off: 
oot 
oo 

ST- 

<JI- 

6- 


.8 7 

1? B 

la B 

■ .. 

3 
J 4 4 

: «*« 

C 

:..S 

18 

: :^ 

: f i 



A?J- 



lif III II 







\^^-''""\ 






JOURNAL 



o t 



NATURAL PHILOSOPHY, CHEMISTRV, 



AMD 



THE ARTS. 



NOVEMBER, i8ok 



ARTICLE I. 

OiUUnes of Obfiruattons relating to Nitrous Oxide^ or Dephlopjlicated Nitrous Air. JBf 
Mr, Davy, DlreHor of the Chemical Laboratory^ and LtSlurer on ChenUftrj in the Rpjat 

In/iitution. ♦ 

I. 

i^fiCT. i. The aeriform fluid, that conftltutes the fQbje£); of the following obfcrvationsi 
:Wa« icalled by its difooverer. Dr. Prieftlej, dephlogifticated nitroiB air. The Dutch 
cfacniifts> Mfho, fome time ago, inveftigatedcertainof its properties, named it gafeous oxide 
of azote. Lately, in this country, it has been denominated nitrous oxide, which, according 
to the principles of the French Nomendature, fignlfies nitrogen in the firft degree of oxi- 
genation. This term cannot well be confounded with nitrous gas if and it bears the 
neceflary analogy to words denoting other combinations of oxigen and nitrogen. 

* £xtra6led from ** Refearches, Chemical and Philofophicalt concembg Nitrous Oxidc» 1800, 
Johnfon.** with additions^ and communicatetl by the author. 

t Nitrous gasy according to the Jlri^ principles of the French Nomenclature, ought to be called nitric 
oxide. 

Vol. v.— November 1801. O ScSt. 
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Se£);. 2. A fliort and general account of the produ£iion and properties of nitrous o^^ide 
will not, perhaps^ be wholly unacceptable to the chemical world ; particularly as the moft 
remarkable agencies of this fubftance are but little known out of Great Britain » and they 
are connected with curious phyfiological enquiries. 

II. On the Produlfion of Nitrous Oxide. 

Se£b. 1. As yet nitrous oxide has tiot been comppftd immediately from its elements; 
and there is no reafon to believe that it is produced in any of the operations of nature. But 
it may be procured in a number of artificial proceiTesi during the decompofition of nitrous 
gas and nitric acid. 

Se£):. 2. Nitrous gas may be converted into nitrous oxide in two modes. Firft, by the 
fimple abdradion of a portion of its oxigen by bodies poifefling a (trong affinity for that 
principle^ fuch as alkaline fulphites, muriate of tin, and fulphurets. Secondly! by the 
combination of a body with portions both of its oxigen and nitrogen^ fuch as bidrogen> 
when in a peculiar date of combination, or in a nafcent form. 

a. The alkaline fulphites convert nitrous gas into nitrous oxide with muck greater 
lapidity than any other fubftances. 

At temperature 46^^ Fahrenheit, 16 cubic inches of nitrous gas were converted in lefs 
than an hour into 7,8 cubic inches, of nitrous oxide, by 100 grains of pulverized fulphite of 
pot-a(h containing its water of cryftallization. During this procefs^ the fulphite became 
partially converted into fulphate i but no fenftble increafe of temperature was produced. 
No water was decompofed, nor was any free nitrogen evolved. 

.. Muriate of tin>.and the fulphuretSi* whether folid or in aqueous folution, ad flowly^ 
upon nitrous gas» and become oxigenated, whilft they convert it into nitrous oxide. T^e 
dfhiinution of the nitrous gas, in thefe procefies, is the fame as in the procefs with fulphite 
of pot-alh. 

h. When nitroiK gas and fulphurated hidtogen gas are mingled together, they flowly de« 
compofe each other, with great diminution of volume. In this operation, nitrous oxideis 
formed-, f fulphur is depofited, and figns of the produ£^ion of ammoniac and water ane 
perceived. There is every reafon to believe that the hidrogen of the fulphurated bidrogen 
is the great agent in effecting this decompofition, by combining with portions of both the 
oxigen and nitrogen of the nitrous gas, to produce water and ammoniac. For no percep- 
tible quantity of acid is formed in the experiment ; and the fulphur depofited appears to 
be in its common (late. This opinion indeed is further proved, by the phenomena^ con-* 
ne£Hd with the decompofition of nitrous gas by nafcent hidrogen^. 

*• Dr. Pri«ftley firft noticed the convcrflon of nitrous gas into nitrous oxide by fulphurets. To the 
Dutch chemifts wc owe the difcovcry of the aftion of muriate- of tin on nitrou« gas. Journal -de Pfayiiqur, 
XLIII. part II. page 326. 

t Mr. Kirwan firft obfcrvcd the peculiar a^ion of fulphurated hidrogen on nitrous gas. Phil. Tcaaf. 
Vol. LXXVL page 133, 

3 ,Whea 
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When nitrous gas is expofed to nafcent hidrogent whether it be procured by the 
a£lion of metals upom water^ in common cafes, or in Galvanic experiments, ammo- 
niac and nitrous oxide are uniformly produced; and the. volume of the nitrous gas 
diminlfiies nearly to the fame extent^ as in the procefs with fulphurated hidrogen» i. e. to 
about one-third. 

Se£l. 3. Nitrous oxide may be procured from nitric acid^ when this fubftance is de» 
compofed by certain metallic bodied ; and likewife . during the mutual idecompoficion of 
nitric acid and ammoniac at certain temperatures* 

a. During the a£tion of zinc, iron, or tin, upon diluted nitric acid, certain quantities 
of nitrous oxide are produced, but mingled with nitrous gas and nitrogen. In thefe pro- 
oefles, as has been long known, ammoniac is formed ; and confeqaently water is decern- 
pofed : a circumftance moft probably conne£ied with the produ£bion of the nitrous oxide.; 
for the quantity of the gas is lefs in proportion as the acid is more concentrated. 

i. Nitrous oxldcj perfeAly pure, may be obtained in an eafy manner, and at a 
cheap rate, from the decompofition of nitrate of ammoniac. This fait, when deprived 
of as much of its water of cryftallizatlon as poilible, becomes fluid at the temper- 
ature of 320^, Fahrenheit, and immediately begins to be converted into water and 
nitrous oxide, * 

One hundred grains of falc, perfe£lly decompofed at any temperature between 320® 
imd 620^, produces about 57 grains of gas, and 43 of fluid. In experiments on this de- 
compofition the heat muft be carefully applied and regulated ; as at temperatures above 
£00^, nitrate of ammoniac detonates, and becomes changed into nitrous gas, nitric acid, 
water^ and nitrogen. 

in. On the Combinations of Nitrous Oxide . 

Se£l. I. Pi/r^ water Is capable of holding in folution, at the common temperatures of 
the atmofpbere, a quantity of nitrous oxide equal to about half its volume, f Water, 
impregnated with nitrous oxide, has a fweetiih tafte, which is hardly perceptible, except 
to delicate organs : and it becomes eflfcrvefcent on agitation. It is poflefled of no a£lion in 
vegetable colours; and eflrc£ts no perceptible change in metallic folutions. 

Nitrous oxide is expelled unaltered from water at temperatures equal -to about 21 2^ 
It is likewife incapable of remaining in combination with it^ when the preflfure of the 
atmofphere is removed. 

Nitrous oxide is expelled from water by muriatic acid, carbonic acid, and fulphurated 
hidrogen; but it has a ftronger aflinity for that fluid than nitrous gas, oxigen, or 
hidrogen. 

♦ To Mr. Berthollct we owe the difcovery of the produils evolved during the flow decompofition of 
nitrate df ammoniac. See Mem. de Paris, 1785. 
i* Dr. Prieftley^s Experiments and Obitrvations> Vol. 11. page 81 • 
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Sed. 2. Ether, alcohoU zrii the volatile and fixed oils, diflbire nitrous oxide in larger 
quantities than water at common temperatures; but without undergoing anjr material 
alteration in their properties. The gas is incapable of remaining in conibination with 
them at the temperature of their ebuliitioni or under the exhaufted receiver. 

Se£t. 3. Nitrous oxide has as yet been combined with no folid bodies, except the fixed 
alkalies} and even the affinities of water, alcohol, ether, &c. for this gas appear to be 
dimini(hed when they hold in folution neutral {alts and other fubftances. The fulphnretSf 
the fulphites, and the different bodies that aA upon nitrous gas, both dry and in folution, 
€St6t no alteration in the compofition of nitrous oxide. 

SeA. 4. The muria tic, and the fulphureous acid gafes, expand a little when mingled 
with nitrous oxide ; but they are readily feparated from il by water. No other aeriform 
fluids appear to be pofiefl*ed of the leaft power of a£tion upon tlus gas at common tern* 
peratures* 

Se£):. 5. None of the alkaline bodies, except pot-a(h and foda, have as yet been com* 
bined with nitrous oxide ; and even thefe fubftances are capable of uniting with it, only 
when it is in the nafcent ftate. 

<i. When nitrous oxide in a free ftate Is expofed to the dry alkalies, or alkaline earths, 
at common temperatures, it is neither abforbed nor a£led upon. When it is placed in 
conta£l with folutions of them in water, a fmali quantity of it is diflbived : this pheno- 
menon, however, appears to depend, in a great meafure, on the water of the folution \ for 
the gas may be expelled from it unaltered at the temperature of its ebullition. 

b. To form the combination of pot-a(h, or foda, and nitrous oxide, the alkalies, after 
being mingled in the dry ftate with alkaline fulphites, muft be expofed, together with 
them, to nitrous gas. The nitrous oxide, as faft as it is formed by the a£tion of the 
fulphite on the nitrous gas, is abforbed by the free alkali \ and thus a permanent union 
18 eflfedred between the two bodies. 

c. The compound of nitrous oxide and pot-alh is very foluble in water, but apparently 
tefoluble in alcohol. Its tafte is not very different from that of cauftic pot-afli, perhaps a 
little more pungent. When a£ted upon by the acids it gives out nitrous oxide. Thb gas 
is likewife difengaged from it in a pure form by the application of a heat above 400% 
Fahrenheit. It produces fcintillations when thrown upon red hot charcoaL 

d. The properties of the combination of foda and nitrous 03ude are not materially 
di&rent from thofe of the compound of pot-afh and nitrous oxide. 

rST. Ofthi JaioB of Heat and Elearicity on Nitrous Oxickk 

StQ, I. Nitrous oxide undergoes no change in its compofition at temperatures below 
thofe of ignition, though expofed to them for ever fo great a length of time. Whcn^ 
however, it is paffed through a porcelain tube, heated red, or when it is aded on for a 
long while by the ele£tiic fparki ^ B9W trsangepaci^ of its pjiociples takes place, and it 

becomes- 
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becomes eonVerted into nitnms acid^ and a gas anatogous to atmofpheric air> but con- 
taining a little lefs oxigen.* 

The nitrocrs aeid formed in this proeefs is very fmall in quantity, bat the unabforbable 
gas equals about ,8 of the original volume of the nitrous oiide. 

V. On the Decompofiticn of Nitrous Oxide by Combuftible Bodier* 

Se£t. !• The changes produced in nitrous oxide by heat, are probably intimately con* 
nefled with the phenomena of its decompolition by the inflammable bodies, which in 
general require, for their combuftion in this gas, much higher temperatures than thofe at 
which they bum in atmofpheric air or oxigen. When they are intenfely heated, they a£l: 
upon it, and become oxigenated, nitrogen being evblved, and much heat and light generated. 

During the combuftion of folid and fluid bodies producing flame in nitrous oxide, 
nitrous acid is formed, mod likely in confequence of a new arrangement of principles pro- 
duced by the ignition of a part of the gas not in contafl with the burning fubftance. 
Likewife when nitrous oxide in excefs is decompofed by inflammable gafes, nitrous acid^ 
nitrogen, and a little oxigen, are produced, probably from the fame caufe. 

0. PyrophoruSj which inflantes in nitrous gas and in atmofpheric air, at or ewn beloW' 
40^, Fahrenheit, requires for its combuftion in nitrous oxide a temperature neiRtly equal io 
that of ignition. 

b. Phofphorus may be fufed and even fubKmed in nitrous oxide without efieding any 
change in it ; but when it is introduced into it in a ftate of a£Hve inflammation, it bums 
^th intenfely vivid l^ht. 

c! Sulphur does not z€t in nitrous oxide when introdticed inta it, burning ^ith the 
feeble btue 4ame ; but if m a ftate of vivid inflammation, it decompofes it with the pro* 
du£lion of a beautiful rofe*coloured light. 

* d. Iron and charcoal, when heated white> burn in nitrous oxide with much greater 
vividncfs than in the atmofphere. 

e. The lighted taper, introduced into nitrous oxide, bums at firft as in oxigen ; but 
afterwards with a flame, white in the centre, and blue at the circumference ; a pheno- 
menon apparently depending upon the nitrous acid formod in the procefs* 

f. Hidrogen, and the compound inflammable gafes, when mingled in ^certain propor«^ 
tions with nitrous oxide, and afted on by the elc£lric fpark, explode^ with the produ£lioi> 
of much light and heat. '^ 

* Dr. Prirftiey flrft obferved; that nitiDuft oxide, after being a£bedapdiiby theek6h-ic fpark, became iixi'» 
mifclble with water; but he did not notice the nitrous acid produced in the procelV: neither did the Dutcb 
themifts, who repeated his experiments. 

+ The Society of Chcmifts ftt Amfterddm thought that hidrogcn wte the only body capable of deconw 
pofing nitrous oxide. Journal de Phyfique, torn. XLIII. part II, page 331. From thdr experiments it 
appears probable that in many caibs they did liot railb the temperatures of other inftam'mable bodies fuifi- 
titotly high (qi this purpoie. 

Sc£t 
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Se€t» 2, When nitrous acid is formed in. procefles of conobuftion in ntfcroa& oxide, fo as 
to remain in the refidual gas, the quantity of free nitrogtrn evolved never equals more tha» 
4 of the volume of the nitrous oxide decompofedy though when this fubltance is not pro*- 
duced, ro of nitrous oxide j[ive out about j i of nitrogen. 

Sed. 3. The heat produced by even the flow combudion of bodies in nitrous oxide, is 
in all cafes fufiicient to keep. up the procefs for a certain time, after the original heating caufe 
is removed : but in proportion as the volume of nitrogen increafes, the inflammalioa 
diminiOies in vividnefs, and it uniformly ceafes before the whole of the gas is decompofed* 
Charcoal and iron ceafe to burn in nitrous oxide when it is mingled with an equal volume 
of nitrogen ; yet the combuftion of phofphorus will jcontinue (though feebly) in a gascoii- 
dfting of 4 nitrogen and 1 nitrous oxide* 

VI. On the Ana/jifij oflTiirous Oxide. 

Sefl:. I. a. One hundred cubic inches of nitrous oxide weigh at temperature 55% 
Fahrenheit, and atmofpheric preiTure 30. about 50.2 grains. 

h. Four cubic inches of this gas, when perfeflly decompofed by the combudion o£ 
charcoal, are converted into about a*2 cubic inches of carbonic acid, and 4.2 cubic inches 
of nitrogen ; no nitrous acid being produced in the procefs. 

r. Likewife a cubic inches of nitrous oxide require, for their complete decompofitioa> 
about 2«2 cubic inches of hidrogen, and evolve during the inflammation, a ^^inmtity of 
nitrogen, nearly equal to it in volume* 

h. Comparing thefe fafts with other faAs relating to the produ£Hon of nitrous oxide, wjb 
may conclude that lOO parts of this gas are compofed of about 37 parts oxigen and 63 
parts nitrogen,^ exifting in a much more condenfed date than when in their Cmpic 
forms. 

^. The oxigen appears to be combined with the nitrogen much more intimately in 
nitrous oxide than in nitrous gas ; a phenomenon that may be eafily accounted for, when 
^e cpnfider the general law of Xaturation. i 

VIL On-ihe A^ion of Nitrous Oxide on Living Beings* 

Se£^. I. Nitrous oxide when taken into the mouth tades faintly fweetifli. Its odour is 
weak, but agreeable. It is refpirable, and produces very peculiar eflFe^s, when made to 
z(k on the fydem by means of the lungs. 

The fcnfations it occafions are in general analogous to thofe conne£led with Intoxication 
from fermented liquors* 

* This eftimation is very analogous to.that ^f the Dutch .chemifts. Journal de Phyfique, torn. XLIII* 
part II. page 331. 
i The affinity of one body for axiother is inverfely at its iaturation with it* . , 
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General Account of the Niirouf Oxide* ii*f 

a. Heattbf perfons after breathing it accurately for a minute and a half, or 'two minutesy 
tre' ufdally exhilarated, and affeOed by (Irong pleafurable fenfationsi the circulation is 
quickened, the countenance becomes darker, and a fenfe of warmth is induced. 

b. On unhealthy perfbns the cfi^€U are lefs pleafant^ and in certain cafes it has induced 
hyftcrical afffeftioHs. 

c. Nitrous oxide after' beings breathed for more than three minutesj produces violent, 
excitement, which- generally ends in momentary lofs of fenfation. 

d. As far as experiments have yet gone, there is no reafon to believe that any notable de* 
bility follows, even its mod violent agency. 

St€t. a. Warm blooded animals '■ when permanently immerfed in nitrous oxide, live 
tonger in it than in any other gafes, except fuch as contain free oxigen ; but cold blooded 
animals are quickly dcftfroyed by it. 

a. The fmaller quadrupeds die in pure nitrous oxide in three or four minutes; they 
abforb a little of the gas, and their death feems to be occafioned by exceffive ftimulation. 

b. When examined after death their internal parts are found to have undergone very 
peculiar changes. 

The animal fibre is very 'innrritable; the blood both in the arteries and veins is dark and 
purple, and the lungs are marked with large purple fpots. 

Se£l. 3. When nitrous* oxide is expofed to fluids venous blood, whether in the vefleb 
ort)ut of them, it is rapidly abforbed, apparently no portion of it is decompofed, and the 
colour of the blood becomes rather more inclined to purple. < 







Ohjervationf on theJIippbJedVMagnetic Property of Nickel^ by RiCHARD Cbevi 

F. R» S* and Af..R. L A. Communicated by the Author. 

HE properties ofmagnettfrn and 'polarity, fiird obferved in iron, were, for a Iragtimei 
the ilttributes of it alone; Biit the experiments of later philofophers had given reafon to 
Aippofe, that nickel and cobalt participate of both. The celebrated Bergman, in hisdif- 
fertation upon the former of theft two metals, after lamenting the infufficiency of all his 
attempts to deprive it of the lad portions of iron with which it was contaminated, con- 
cludes the- paragraph with a doubt, whether magnetifm may not be a property of nickel^ 
as well as of iron. To this the authority of Arvidfon may be added ; and hence chymifts 
have fuppofed, that magnetifm is not a property of iron exclufively. In Italy, within thefe 
five years, as I have been informed, co'mpafles for marine purpofes have been made of 
nickel and of cobalt ; thus being preferable to iron, as better refifting the adlion of the 
ain I know it was the opmion of die Frencb- cbyiniils) that magnetic needles, made of 



tW Obfervatlm en ihtfuppofii Afagiiitic Pnpirif ff Niclel. 

ckbctf of tkofe aaetals pet(e&\j pttr«9 anrwaved the purpofe m well as tfaofe mtde of the 
vfoal fubft^ce* In tlkeifninmcr of 1798 I wH wimefa to fomt €xperiaieiit8» pcffbrmed 
at the Ecok in itMes^ to (hew that federal pteeet of botb> which had been redoced to « the 
fietallic ftsrte, ki the laboratory of that eftabli(hment» and whioh were magaetie, were to- 
tally exempt ffom iron. The experiments were conduced by Monf. VanqueUnY and were 
ft .folio WS4 foma magaerio bits of each of theft petals wefed&f^vedr^ in M acidi an4 iron 
was, in rain, looked for by the delicate tefts^f aa infaQon of gall Diito,'^^ folatioo of 
prufliate of pot**^fli« . ilcnee it was rcgf^uiable to eonclade thtt; up iron was prefear> iuid 
that nickel and cobalt really are magnetic of themfoivea, and independently of alloy. 

If I have obtained nickel in its metallic ftate, and in no way actra£k:able, it was not in 
performing experiments with this dire£l view, for fo foUy was I coaviiiced of the accu* 
racy of thofe I had witnefTed in Paris in 1798, that I entertahied no dQvbt upon the fob- 
jed. I had an acid iblution of impute oxide of nickel, which I precipitated by ammonia, 
for the purpofe of procuring fome pure nickel which I happened to want. I filtered im« 
mediately, and fuffered the ammoniacal folution to ftand fonie days in a well ftopped bottle. 
The liquor remained of the ufual colour, but a blueifli precipitate, which likewife i fepa« 
rated by the filtre, had been formed 9t the bottoiii. The alkaline Uquoc, which had pafled 
clear^ was evaporated \ and the oxide of nickel, which fell as the ammonia wasr volatilized, 
wascoUedod, wa(hed, diied, and treated wi|h a proper flux^.iA a Hei&an crucibk, and 
in a forgecapable of giving a ftrong heat. By this procefs I obtuned a refult which airas 
nickel, fo unattra£lable, that prefented as near as a fteady hand cou)d hold it^ to a very 
delicate magnet, fupported on a cork floating on water or on mercury, no viGble influence 
Mik place upon the magnet. A bit of the nickel, diflfel ve d in an aetdj* e xhibi t ed, as may 
be well fuppofed, no traces of iron* 

Its fpecific gravity, taken by the Count deBournon, at a balance fenfible to the ^l^ of a 
grain, and at the temperature of fo,.wa^ 7,^806^ a fpeQfio£^ly,,fPU,ci^ H^^Offll.M'.that 
which Bergman had found, 9^0000 : and even to that given by Monf, deMorveau, 7,8070 ; 
hence it would appear that the prefence of iron tends to increafe its denCty. Its fufibility 
I could not afcertain, having np pyrometer. Its malleability is certainly greater than that 
of zinc.. Its colour, like ibmeof the alloys of filver apd copper, of a very pale red. Its 
hardnefs conGderaUe, and its fraditre grainy and uneven* Several of my chymical friends 
in this country have witnefled the inefiicacy of this nickel in attic^flingtbe magnetic needle ; 
and Profeflbr PiAet of Geneva was fo good as to take fome of it to the cbymifl^iu FrancCi 
to convince them of. the error which they ate undeVf w^th regard to this property in 
nickel. 

It does not appear from the refults of the experiments to which, as I mentioned^ I was 
a witnefs in 1798, that there was any inaccuracy in the mode of operating i but merelyy 
that magnetifm is a re-agent more powerful to dete£t minutjejportions of irpa, wheii^.in its 
BietalUc datCi than is either a folution of gall OM^s^ or of prufliate ofpot-afli* to difcover 
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Oh/crvationj oh iUfuppoftd Magnttic Properly of Nickel. ■«?9 

, it$ oxide )vhen held in folation hj acid tnenftrua. Indeed Uie magnet vrtll^ in :i<ltaiitlfeotia 
circttoaftance^i be influenced by the fnulleft particle of metaliic iron adhedng t» the fur- 
face j^l any bodyiyitj^Ott^-dcagard to th^a^u^lr quaotltyc of the fubftaace tp whicb.it is 
attached ;' while the .effioaay jof ebymisd tefti is^jio ibme meafure* bounded by the pro^ 
portion of heterogeaepiis iclemcfnt^. In one cafe the a£tion .-ia iodopendetir and abfolut^^- 
in the other^ relative asd limilifBd*} Thus a lump of coppcnr, of whatevef.iixe, bciiigftnMk 
with an iron Jiaoimer upon an «iif iU . fometimes acquires the power of iofluendng ihe 
fiaagnet ; but I.believe it urottld be ^aflher di^ult to difeover, by reageati, the iron that 
confers on it that )>o«er ; apd wluck pcrbapa does not amount to a mittiooth part of the 
whole mafs« . . : 

As far as I hare ohfenred^ the following cautions alone are neceflary in ihul treating 
the oxide of nickel by ammonia. 

I. All oxides of iron» except thered» are (bhible, more or iefs« in atomonia; therefone 
^he iron muft, by the means of nitric acid, be brought' to icB full ftato ^Fojttdation, before 
precipitation and redUTolution* ' j rH. '. 

■. a. The.ammoniamuft be perfbdly canftic ; for caribonate of a m iaon ia >di8MTgs red 
opiidc of iron, Andf • ■ • r. { *. r; .:t ..ii .. i 

3. It may be «aped4e)it.to allow^fome prectptt^te.of nickel to be £(maed.at thei4K>ttoid» 
before the ammoniacal liquor ia drawn off for evaporation ; as, by thatp :tnne, we may be 
fure, that if the twQ firft conditions hhve been obferredy all thef mdde/of'firofi'faBS prariouflf 
iaUf » C^he botOom< ; .ic:-] .-. . • ' n. :. : , . ■ : j 

. 'Although Ihave itoc.dire£My perfoitiied a .fimtlar iop«ratioik:.tapoa ^cobalt,* or dbta&ie^ 
chat meul unat^rafUbtei I ha?e little doubt batf that fnch'a|i|uality.i8 ihtarely -owing to kod; 
and th^t the<property of magnetifm ^uft be ^kgain reftri^ied tOii(i^!6onnef.Ilinits.i - - > 

. On tif Jll<cianum of tbe Eye., ^y TROMAsYoUHfit m.D.'jpijR.L^ 

...::. ....r. .J . v.; i; '.••"■ ( Qtmiirmed ^rom page ^^^f^r '•' '■''■ '•'*.'*• : --^ iii'T . :.!^v 

X H£S^ confidersuions wiu explam the inconfiitency of di^rent obfenratioos.on the^e^ 
fraQive power or tne crylcalline; and* m particular, how the retraftioiLwhich I formerlv 
c^lculatedV from' qiealuring the fbc^^ leqgth of'the lens,* is,/o mu£bgreatei; thap that 
wliich is determined by, other ipeaps.. Bttt| Jbr diro^ ^^P^W?^^'* Vir4>llaft9n's jOjet^od 
is exceedingly -accurate;^ ; * . '..../'. , , . * ' ' 

•. : r' ' ' I:. • : .ll'j'j ->-# Bhil«rTMnf.'ftr n9S> p^:m;7e-ji:.i -.1' ' ^- ?.:..xi i. . 

- Vol. v.— Ni^vtiA** l4bW" •' c^> i ^ *i-*^l 1*^4^ j^ ^^^ti M !?r*33r.' '• ;. ifthtn 



apo On the Mtchanifm <>f tin Ey. 

yihtn I look at a minute lucid pointy fuch as the ima^ of a candle in a fmair concave 
fpcculum* it appears as a radiated ftdrj as a crofs, or as an uneqiial line\ and beVer zi a 
•perfeA poioti unlefs I apply a concave lens inclined at a ptoper angle/ to bofrcft the uii- 
tqsal rcfra£liofn*Of my eye. If I bring the point very ncar^ ic fpreads ih'to a futfacc ncariy 
•circular, and alnioft equably 'illuminated, except fome faint lines, nearly in a radiatiing 
^e£kipA. Fot this purpofe, the beft image is a candle, or a fmaill fpecuhim, viewed 
trough a minute lens at fome little diftance, or feen bTy reflection in a larger lens. If any 
freflfure has been -^ipplied to the eye, fqch as thaft idfi^thc finger keeping it ftut, the' fight fe 
often confufed fo^ » (hort time after ^the removal of:the finger, and the image is in tUs cafe 
fpotty or curdled. The radiating lines are probably occafioned by fome flight inequaliries 
io-the furface of the lens, i^hich is very fuperficialiy furrowed in the direAioii of its fibres : 
the curdled appearance will be explained hereafter. When the point is further removed, 
the Image becomes evidently ova), the vertical diameter being longeft, and the tines a little 
*lxiore diftin£); that! before, the light being ftrongeft in the neighbourhood of the centre \ but 
immediately at the centre there is a darker fpot, owing to fuch a flight depreOion at the 
^Tertez as Is often obfervable in examining the lens after death. The fituatlon of Aie rays 
. 18 conftant, though not regular ( the mod confpicuous are feven or eight in* number; 
/omettiiies about twenty fainter ones may be counted. Removing the poim a little further, 
tie image becomes^a fliort vertical line ; the rays that diverged horizontally beiilg perfedty 
iCoUofixd^ wbUe tilt verticat rays are ftillfeparate. In the next ftage, which is tKe ttioli 
perfedi focus, the line fpreads in the middle, and approaches nearly to «i fqu;ire, Urith pre«* 
Jeding aaglest but ia inafkdd<:itsth fome darker tines towards the diagonals. The fquare 
. then flattens into aorhom^us, and the rhombus into a hdrizontaMide unequally bright At 
every greater difUnce, Jheline lengthens, and acquires alfo breadth, by radiati^fis (hooting 
out from it, but does not become a uniform furface, the central part remaining always con* 
fij ^ iably bligh'tcTtp nfxdfiftqnCTce^ "tlxFlame flattenmg xiflhe"vcrtcx"wfiich'bc jfb r e madb 
it fainter. Some of tbefe figures bear a coniiderable analogy to the images derived from the 
refra£tion of oblique rays, (Schol. 4. FropilV^.) and ftill more (Irongly refemble a com- 
bination of t^wQ of ^m in opppfite direfliojr^s ; fo..as to.Jeave no doubt* but that both 
furfaces of the lens are ofilique to tlie viiual axis, and co*opeirate'm dilfbrting the focal 
point. This may alfo be verified^ by obferving^ the imaTge delineated by a common gla& 
lens, when inclined to the incident rays. (See Plate XV. Fig. 28—40.) 

The vifual jaxis being filled, in any direifiion, I can at the lame time fqe a luminous d)« 
je£t placei^iatcrally at a conuderable.aillahce frbni'it ;. *but in various' direaions the ande is 
very difierent. T7pwar^s it.extehd^ tb co degrees,, inwards to'^0, downwards to' 70, and 
outwards to 90 degreesr Thefe' mternal limits of the'fiefd of view nearly correfpond with 
the external limits formed by the difierent parts of tie face^ when the eye is dire^^ed 
forwards and fomewhat downwards, which is its moA natural pofition; althougK* the in- 
ternal limits are a little more extenfive than the external ; and both are well calculated for 
/enabling us to perceive the moft Vf^h ^^^ obje(b as a(« ihc 8i»ft. likely tacMcoraiiis. 
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On the Mtchantfm tf the Eye. igl?- 

Dr. Wollafton's eye has a larger field of view, both verticalTy anfl horlzdnitaHy, bdt'hfeirly 
in the fame proportiotis, except that it extends further upwards. It is well known; that 
the retina advances further forwards towards the internal angle of the eye, than* towards 
the external angle ; but upwards and downwards its extent is ndarly equal, and is indeed 
every way greater than the limits of the field of view, even if allowance is made for tKe 
rpfraftion of the cornea only. The fenfible portion feems to coincide more nearly with the 
painted choroid of quadrupeds : but the whole extent of perfeft vifion is little more thah 
lO degrees; or, more ftri^ly fpeaking, the imperfection begins within a degree or two' of 
the vifual axis, and at the diftance of 5 or 6 degrees becomes nearly ftationary, until, at a 
ftili greater diftance, vifion is wholly extinguifiied. The imperfdAion is partly owing to 
the unavoidable aberration of oblique rays, but principally to the infenfibility of the retina : 
for, if the image of the fun itfelf be received on a part of the retina remote from the axis^ 
the impreffion will not be fuAciently ftrong to fornt a permanent fpeflrum, although an 
obje£t of very moderate brightnefs will produce this cfiFeCt when direAly viewed* It would 
probably have been inconfiitent with the economy of nature, to beftow a larger (hare o£ 
fenfibility on the retina. The optic nerve is at prefent very large ; and the delicacy of the 
organ renders it, even at prefent^ very fufceptible of injury from flight irritation, and very 
liable to inflammatory aflef^ions; and, in order to make the fight fo perfect as it is, it was 
neceflfary to confine that perfeAion within narrow limits. The motion of the eye hkt a 
range of about 55 degrees in every dire£Hon; fo that the field of perfect vifion, in foccef* 
fion, is by this motion extended to 1 10 degrees* 

But the whole of the retina is of Tucb a form as to receive the moft perfe£l ifliagiEi ba * 
every part of its furface, that the ftate of each rcfrafl'ed pencil will admit ; and the varying 
denfity of the cryftalline renders that ftate more capable of delineating fucb a piflore, thaa 
any other imaginable contrivance could have done. To illuftrate this, I have conftnided a 
diagram, reprefenting the fucceflive images of a diftant objeA filling the whole Extent of 
view, as they would be formed by the fucceflive rcfraftions of the different furfaccs. 
Taking the fcale of my own eye, I am obliged to fubftitute, for a ferics of obje£ts at any 
indefinitely great diftance, a circle of 10 inches radius ; and it is mod convenient to con* 
fider only thofe rays which pafs through the anterior vertex of the lens; fii^ce the aAual 
centre of each pencil muft be in the ray which pafles through the centre of the pupil, and 
the ftiort diftance of the vertex of the lens from this point, will always tend to correft the' 
unequal rcfradlion of oblique rays. The firft curve (Plate XV: Pig.* 16.) is* the imagfe 
formed by the furthcft interfediion of rays Tcfrafted at the cornea ; the fccond,- the image 
formed by the ncarcft interfe£iion ; the diftance between thcfc, fhows'the degree of don- 
fufion in the image ; and the third curve, its brightcft part* Such muft be the form of the 
image which the cornea tends to delineate in an eye deprived of the ctyftallihe lens ; nor 
can any external remedy properly correal the imperfection of Wtefal vifion. The next three 
curves (how the images formed after the refra^ion at the anterior furface of the lens, 
iliftingui(hed in the fame" manner; and the three following^ tht re(u1t of all the fucceflive 
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refra£lIoi?$.. The tenth ci\rye is a repetition of the ninch» with a flight correfiiion neas th#- 
axis^ at F, where,, from the breadth of the pupil, fome perpendicular rays, mud fall. By 
comparing this with, the) eleventh, wluch is. the forniof the retina, it; will ^pear that 
npthing more is wantinf^^pr their perfe£t coincidence, than a moderat^ diminuti^p of den« 
Ccy in the lateral pax;ts of^ftfie Jens. If the law, by which this depfi^y varie^,. ,were more 
accurately afcertained, its efie£t on the image might be eftimated by means of the eighth 
propofitiQii; and probab,\y thjs image, thus corre£|ted, would approach very nearly ^o the 
form of the twelfth curves 

To find.the plw of .the entrance of the optic nerve, I fix two candlps at^ten idchea 
diftance, retire C^te^n feet, and dire£l my eye ta a: point four feet to the right or left of 
the middle of the fpace between them : .U^cy are then loft in; a confufed fpot of light ; hut 
any inclination of the eye brings one or ihe other of them into the field of view. In Ber- 
noulli's eye, a greater deviation was required for the. dire£Uon of . the axis;* and the •b- 
icured pfrt appeared to, be .of greater extent. From, the experiment here related, the 
di^anceof thpqentre of the optic nerveirom the vifual; axis is found (by Prop. V.) to be 
liS hundredths of aD inch ; and the diameter of the mod infenfible part of the retina, one-- 
thirtieth of an inci). In order to afcertain the didanccof the. pptic nerve from the point 
oppofi^e to the pupil^ I took the fclerotica of the human eye> divided it into fegtpents^^ from 
the centre of the corner towards the optic, nerv^, and extended it on a plane. I then 
mcafuj^d the longeft and (horteft diftances from the cornea to the perforation made by the. 
nerve, and their difference was exaAly one-fifth of an inch. To thisjwe pi^ft add 4 
fUtieth^^on account of the eccentricity of the pupil in ''the: Wfca> which in the eye thaf I 
meskfured. was not great,, and the diftance of the cen|xe of the nerve from the p^int 
oppofite the pupil will be J i hundredths. H^nce it appears^ that the vifual axis is five 
hundredths, or one-twentieth of an inch, further from the ppti9 nerve than the point, 
oppofite the pupil* It is poflible that this didance may be different in different eyes t in> 
mine, the obliquity of the len,s, and the eccentricity of the pupil with refpe£b to it, will 
tend to throw a dire^i ray upon it,, without much inclination of the whole eye ;. and it is not 
improbable, that the eye is alfo turned flightly outwards, if looking at aoy obje£l before it^ 
although the inclination is too fmall to be fubjcified to meafurement. 
. It muft alCo be obferved,. that it is very difficult to afcertain the proportions of the eye fo 
cxa£lly as to determine, with certainty, the fize of an image on the retina; the fituation, 
curvature, and conftitution of the lens, make fo matjerial a diff<:rence in the refult,. that there, 
may pofiibly be an error of alinoft one^tenth of the whole. In order, therefore, to obtain 
fome confirmation from experiment, I placed two candles at a fmall diftance from each** 
other^ turned the eye inwards, and applied the ring of a key fo as to produce a ^£ltuiDf^ 
of which the edge coincided with the inner candle \ then> fixing my eye on the outward 
Que,^ Lfound«tbat the fpe^rum advanced over two-fevenths of the diftance between them. 

■ 

•^ Comm, Pctrop. JL p. 3li,. 
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Oft the Mecb^nifin ef the ^y^. apj 

HcniMi die fame portion of the retina that fubtended an angle of feven parts at the centre' 
of motion of th<; eye^ fubtended aa angieof five at the fuppofed interfefbioa of the priQn 
ctpal rays ; (Plate XIV. Fig. ii.) and the dldance of this interfe^lion from the retina was* 
63J thoufabdths. This nearly correfponds with tlie former calculatioo ; nor can tbi$' 
didance of the eent^re of the optic nerve from the point of mod perfeA vifioa be, on any 
fuppofition, much lefs than that which is here afligned. And, in the eyes of quadrupeds* 
the mod (Irongly painted part of the choroid ii further from the nerve than the real axis of. 
the eye. -r- . 

- I have endeavoured to exprefs in four figures, the form of every part of my eye, as nearly 
^ I have been able to afcertain it; the fird (Pi. XV. Fig. 17.). is a vertical fe£tion ; the- 
fecoiid (Fig. 18.). a horizontal fedHon; the third and fourth are front views^in different, 
dates of the pupiL (Fig* 19 and 20.*) 

Confidering how little inconvenience is experienced from fo material an inequality in the 
refraftion of the lens as I have dcfcribed, we have no rcafoA to expe£t a very accurate pro* 
viCon for correAiog the aberration of the lateral rays. But, as far as can be afcertatned by 
the optometer, the aberration arifihg from figure is completely correded ; firicefouror 
more ichages of the fame. line appear to nbeet exa£ily in the fame points which they would' 
not do if the lateral rays were materially more refradledthad the rays near the axis. The 
figure of the furfaces is fometimes, and perhaps always, more or lefs hyperbolical * or elMp*- 
tical : in the interior laminse indeed, the folid angle of the margin is fomewbat rounded 
off; but the weaker refradive power of the external parts, mud greatly tend to correfttlie 
aberration arifing from tho too* great curvature towards the tharghifbf the difc* , Had thc^ 
refra£live power been uniform, it might have ooUefted the lateral rays of a direA jpeocil' 
nearly as well ;, hut it would have been lefs adapted to oblique. pencils of raya^^aod the eyi^* 
mud alfo have been encumbered with a mafs of much greater denCty than is now required^ . 
even for the central parts : and, if the wUble lens had been.fmallerj it would alfof have ad<^ 
mitted too little light; It is poflible too, that Mr. Ramfden's obfervation, f on' the advan** 
tage of having no refie£ling furface» may be well-founded : but it has not been dfiliondrated, 
that lefs light is^lod in paffihg through a meditun of variable denfity^ tharrin a fuddea- 
tranfition from one part of that meditun.to another ; nor are we yet (ufficiently .acquainted 
with the caufe of this reflejlionV to be enabled to reafon fatiafa&orily on the fubje^.. 
But,, neither this gradation^ nor atiy other provifion, has the effe£^ of rendering the* eye 
perfe£tly achromatic. Dr. Jnrin had remaiked this, long ago, X from obferving the colour 
bordering. the image of. an ofaje£t:(ceirindiffin£lly. - Dr. Wolladon pointed out to me on* 
the optometer, the red anc) Jblue appearance 6f the oppbfite. interna) angles of the oroffiAf^ 
lines; and mentioned^ at. the fame time, a very, cliegant. experiment for proving the dif* 
perfive power of the eye. He looks thrvogh a prifm at « Anall lucid point, which of courfc 
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becomes a linear fpeftrom* But the eye cannot fo adapt Itfeif as to miSce tfce i^bofe 
fpeArum appear a line i fofi if the focus be adapted to collect the red rays to a poiufs tbe 
blue will bQ too much refraded^ and expand into a furface ; and the reverie will happen 
if the eye be adapted to the blue rays ; fo that, in either cafe, the line will be feen as a 
triangular ipace. The obfervation is confirmed, by placing a fmall concare fpecvhim ia 
different parts of a prifraatic fpedruns and afcertainiog the utmoft diftances at which the 
eye can colled the rays of different colours to a focus. By thefe means I &nd^ that the red 
rays> from a point at I2 inches diftance, are as much refraded as white or yellow light at 
II. Tbe difference is equal to the refradion of a lens 132 inches in focus. But the aber* 
ration of the red rays in a lens of crown glafs, of equal mean refradive power with the eye^ 
would be equivalent to the efied' of a lens 44 inches in focus. If, therefore, we can de- 
pend upon this calculation, the difperfive power of the eye colledively, is one-third of the 
difperfire power of crown glafsi at an equal angle of deviation. I cannot obferve much 
aberration in the violet rays.* This may be, in part, owing to their faintnefs ; but yet I 
think their aberration muft belefs than that of the red rays. I believe it was Mr. Ramfdcn's 
opinion, that fince the feparation of coloured rays is only obferved where there is a fuddea 
change of denCty, fiich a body as the lens, of a denfity gradually varying, would have do 
effcd whatever in feparating the rays of different colours. If this hjrpothefis fliould appear 
to be well-foMnded, we muft attribute the whole difperfion to the aqueous humour ; and its 
difperfive power will be half that of crown glafe, at the fame deviation. But we have an 
inftance, ia the atmofphere, of a very gradual change of denfity ; and yet Mr. Gilpin 10* 
forms me, that the ftars, when near the horizon, appear very evidently coloured. At a 
more favourable feafon of the year, it would not be diflScult to afcertain^ by means of the 
optometer, the difperfive power of the eye, and of its different parts, with greater accuracy 
than by the experiment here related. Had the difperfive power of the whole eye been 
equal to that of flint glafs, the diftances of perfeA vifion would have varied from 1 2 inches 
to 7 for different rays, in the fame ftate of the mean refractive powers. 

VII. The faculty of accommodating the eye to various diftances, appears to exifl in 
very different degrees in different individuals. The fhorteft diftance of perfect vifion in 
my eye, is 26 tenths of an inch for horizontal, and 29 for vertical rays* This power is 
equivalent to the addition of a lens of 4 inches focus. Dr. WoUafton can fee at 7 inches, 
and with converging rays ; the difference anfwering to 6 inches focal length. Mr. Aber* 
ncthy has perfefl vifion from 3 inches to 30, or a power equal to that of a lens 3J- inches iii 
focus. A young lady of my acquaintance can fee at 2 inches and at 4; the difference l)eiog 
equivalent to 4 inches focus. A middle aged lady at 3 and at 4; the power of accommo^ 
dation being only equal to the eSc£t of a lens of 1 2 inches focus. In general, I have reafon 
to think, that the faculty diminiflies in fome degree, as perfons advanc^e in life ; but fo'nie 
alfo of a middle age appear to poflefs it in a very fmall degree. I (hall take the range* 6F 
my own eye, as being probably about the medium, and inquire what chaQges will 1>e 

neccflary 
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fteceflary in order to produce it ; whether we fuppofe the radius of the cornea to be diinU 
Y)t(hed, or the diftance of the lens from the retina to be increafed, orthefc two caufes to 
a£t conjointly, oi^the figure of the lent itfelf to undergo an alteration. 

1. We havie calculated, that when the eye is in a ftate of relaxation, the refra£lion of 
the cornea i» fuch as to colle£t rays diverging from a point ten inches diftant, to a focus at 
the diftance of 13} tenths. In order that it may bring to the fame focus, rays diverging 
from a point diftant 29 tenths, we find (by Cor. 5, Prop. IV.) that its radius muft be' 
<limini(hed from 31 to 25 hundredths, or very nearly in the ratio of five to fotir • 

2. Suppofing the change from perfed vifion at ten inches to 29 tenths, to be efi%£led by 
a removal of the retina to a greater diftance from the lens, this will require, (by the fame 
Corollary,) an elongation 0^135 thoufandthsy or more than one-feventh of the diameter of 
the eye. In Mr. Abernethj's eye, an elongation of 17 hundredths^ or more than ooe- 
-fixth, is requifite. 

3. If the radius of the cornea be diminiAed one-fixteenth, or to 29 hundredths, the eye 
muft at the fame time be elongated 97 thoufandths, or about one<-tiinth of its diameter. 

4. Suppofing the cryftalline lens to change its form; if it became a fphete, its diameter 
would be 28 hundredths, and, its anterior furface retaining its fituation, the eye would 
have perfe£l vifion at the diftance of an inch and a half. (Cor. 5 and 8, Prop. IV.) This 
is more than double the a£iual change. But it is impoffible to determine precifety how 
great an alteration of form is neceffary^ without afcertaining the nature of the curves 
into which its furfaces may be changed. If it were always a fpheroid more or lefs oblatej 
the focal length of each furface would vary inverfely as the fquare of the axis : but^ if the 
furfaces becaine, from fphertcal^ portions of hyperbolic conoids, 6t of oblong fpheroids^ 
or changed from more obtufe to more acute figures of this^kind,. the focal length wouM 
vary more rapidly. Difregarding the elongation of the axis, and (uppofing the curvature 
of each furface to be changed proportionally, the radius of the anterior muft become about 
21, and that of the pofterior 15 hundredths. 

VIII. I fiiall now proceed to inquire, which of thefe changes takes place in Uature ; and 
I (hall begin with a relation of experiments made in order to afcertain the curvature of the 
cornea in all circomftances. 

The method defcribed in Mr. Homers Croonian Le£lure for 17951 * appears to be fsDr 
preferable to the apparatus of the preceding year : f for adifi«rence in the diftance of twp 
images feen in the cornea, would be far gseater, and HSiote confpicuous> than a change qf 
its promisiency, and far lefs liable to be difturbed by accidental caufes. It is nearly, and 
perhaps totally impoilible to change the focus of the eye, without fome motion of itsadj. 
The eyes fympathise jftxibS^ with each other *y and the change of focus is almoft infcpar- 
able fn>m.a» change of the relative Stuatbn of die optic axes}, fo much» that i£ I Axxtd, both 
my eyes at an objefl beyond their furtheft focusy I cannot avoid bringing that focu$ a little 
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nearer : while one axis moves, it is not eafy to keep the other per{e£lly at reft ; and it is 
not impoflible, that a change in the proportions of fome eyes/ maj render a'flighralteratioa 
of the pofition of the aiis abfolutely neceflary. Thefe co'ndcteratiohs may partly explaiu 
the trifling difference in the place of the cornea that was obferved in 1794* It appears that 
the experiments of 1 795 were made with confiderable accuracy, and no doubt with excellent 
inllniments ; and their failing to afcertain the exigence of any change, inductd Mr. Home 
and Mr. Ramfden to abandon, in great meafure, the opinion which fuggefted them, and to 
fuppofe, that a change of the cornea produces only one-thir^ of the effcA. Dr. Olbert of 
Bremen, who in the year 1780 piibliflied a moft elaborate diflertation on the internal 
changes of the eye, ^ which he lately prefented to the Royal Society, had been equally no- 
fuccefsful in bis attempts to meafure this change of the cpmea> at the fame time that his 
opinion was in favour of its exiftence. 

Room was however (till left for a repetition of the experiments ; and I began with an 
apparatus nearly refembling that which Mr. Home has defcribed. I had an excellent 
achVomatic microfcope, made by Mr. RamfHen for my friend Mr. John Ellis, of five inches 
focal length, magnifying about 20 times. . To this I adapted a cancellated micrometer, in 
the focus of the eye not employed in looking through the microfcope : it was a large card, 
divided by horizontal and vertical lines into fortieths of an inch. When the image in 
the microfcope was compared with this fcale, care was taken to place the head £0 that 
the relative motion of the images on the miccomieter, caufed by the nnfteadineb of jthe 
«Optic axis, (houtd always be in the dire£kion of the horizontal lines, and that there coald 
be no error,' from this mbtion, in the dimenCons of the image taken vertically. I placed 
itwb candles fo as to exhibit images in a vertical pofition in the eye of Mr. Konig, who had 
the goodnefs to aflift me; and, having brought them into the field of the microfcope, 
•where they occupied 35 of the fmall divifions, I defired him to fix his eye on obje^ at 
different diftances in the fame dirediion ; but I could not perceive the leaft variation in the 
diftance of the images. . » - - ... 1 

Finding a confiderable difficulty in a proper adjuftment of the microfoopey and benig able 
to depend on my naked eye in meafurihg diflances, without an error of one 500th of an 
inch, I determined to make a finiilar experiment without any magnifying power* I oon^ 
ftruded a divided eye-glafs of two portions of a lens^'fo fmall^ that they paffied between 
two images refleAed from my own eye; and, looking in a gla(% I bought the a p p ar ent 
places of the images to c<^incide, and then made the change for viewing nearer obje&s hot 
the images ftill coincided. Neither could I obferve any change in the inugcs refie&ed from 
•the other eye, where they could be viewed with greater convenieucey as they did not inter* 
fere with the eye-glafs. But, not b^ing at that tinoe aware of the perfe£l fympatby of. the 
eyes, I thoaght it moft certain to confine itiy obfetvation to the one with wUcfailiiaiiv .1 
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ttuft AbaA rTktft bf t Itttfe htUti I hare acquired a Very feady command over die'accom^ 
irUihtibirof my tje, (b u to be able to viear anobjeft irlih attention, without adjufUog mf 
eye tbiti-bfftin'ce* ^ 

I allbftretcttel'two tbreadai'a little bclined to each other, acrofs a ring, and divided 
tbeni by'firiits'brink into equal fpaces. I then fixed a ring, applied my eye clofe behind it^ 
mtS plated ^ wo candlei in proper fituattons before me, and a third on one fide, to iUuininate 
the tbreadri«' Thbtr, fettfng a fmali looking-glafs, firft at four inches diftaoce. and nest at 
^w(r. I'fdoktd'at'th¥^!ml^eif refitfted in it, and obiknred at what part of the threads they 
^XRtly'ifeacfidfl' krbfs I^'eaeli^cafe i and with the faiAe refiilt as before. 

"I next 'fixed the cancellated micrometer at a proper diftance, illumihated it ftrongly, and 
'Viewed It thtotigh a pin-^ole, by which nieanis it becaoie 'diftind in every ftate of die eye % 
and, looking with the other eye into a fmall glafs, I compared the image with the micros 
meter in the manher'ahfeady defcribed. I d^n changed the focal diftance of the eye, fo diat 
the lucid pbnrts -appeared to fjbr^ into fbtibciM,^'*frb'tii bem^ too temote for perfeft vlBoni 
Md Th6ied o'nr ^i fcidt; 'tiie^diftance df th^ 'ciintrea'^ but that diftance was Invariable. 

l^ftly, I dre^'a dialgotxal fcali^ with a diamond, bn k Idokinjg-glafs, (Plate :(IV. Pig. h«> 
md'bhraght'Hiefnntg^s Inb-cdntiA with the ISnes' of thi^ fScale. Then, fince the image 
t>f fl^ ^e occti'^iea'oti flie'^tifaie of a glafs bilf its redl dimcnfions, at whatever diftance it 
% ^Wt^^-iCii trtteiSaef isahriysf'dbub^ the meafuretlAis t>btained. - I illunlinatedf the glaft 
1{^If;'^V'fat»Ie'x^ a^ni^oViiip of black cafd,' which I held 

Vhii9dfdigeti;f'ifnSF'^a^'tbus>^ with 



l^are * th^m with 'thfc; ' drale,' although thefr ajipaieift 
-riffhJnee wks^otliile^ffilrt of the fcate; ''TVfe'w^d them {n alt fixates bf thiE! ijt\ but t cbulfl 
pcrpeive no variation in the interval between thcrn/'^-^'-*^' '■ ' "' ' ' 

- - TXxt foiKietidy' of theft mcihods'may be thus detiiotlftnited. ' Make a pttflure atong the 
^liie'of the l^^efe^d' With aiiyfitiall cylinder, for ihftance a peAdf, ahd the optomfetcfr 
%m-{howihat thetocb^i}f%ot^iita^riiVi^ a little donned, 'while that bf vertical raW ia 
ftorttmedi an dffei3: which' c^'bn]y%e'6W{hg*t^ Ndt 

lonlf the app^tatua'hetcf defcrftcd, bii^ ey^'theeVbr^utiafiRt'ed,wiiftxr capable ofdifcoveritig 
^)c'onfideh6lVt:hiik]g^ iWthe iin^a^s reflefted frt)fd^th^ tbrnea, althbiigh tiie change f»'e -lAuch 
fmailer than that which is requifite for the accommodation of the eye to difierent diftande^. 
%)a the whole, I canitbt^hfeifitate to conehide,'tfaiit*if Ae raditis of tfifc (rcMea were diihihlBied 
«ut%ne.t^diHeA,' the chamgtSi^^^ MdHy pbe^bii'bf fc^e ^^thfe ^e^iiheit^ 

Wafetf'; and the whMteiltfetaabi/ ^*6feye ^%ifes^onW»th.'' ' i^^o- « r. . ' • . aU 

•' sW'a mudi tntitg :fecW&{^' aml'WififiviJ e^erlfnejft'titaaiii^' 7 HtJte otil of a fmall 
%bt^ital'inlcfbK2^,'^a^otiblecon ^'eight-ajnthi ndltts ahd'fec^ fiaeb 

tea fotketbf](iBilIfUi ofan inch m depth ; fecutiirg iti edj^es with wax,^ drip Into ira tittlb 
^i*rater, njiariyxdld^^tMf Itls'tfimtfculi^ it to my eye, To that-^ 

^<J€^rtnJa;^^tm'i&irS^ into the focket', atatf is'eVbVy ^ere in contact with the watie}. 
^fHal4^XlV/ftg;*i3.') * 'Wy'^Srimediatelf^fcnito j^biWr 
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-^A tb^fil6> H^icb U» reduced by, the .w^tcr. to a focal length of about i6^xenths» Idot. c. 

frProp<,iV:.}is not(fufficicnt.-tQXupply thei place of the cgrueaj rendered.it^fficaoous Dy^tQe 

yintervention of the water ; but the addition of another lens, of five inches abd a haljtiocusi 

■ xcftbres my eyq;to its natural .{l^t/;,. and fomeurhpt more. I thep app^y the. optooieterj 

"audi find th^ f;^me ipcquality in the horizon^ and vertical rpfxadtifins as ,With|Aat die 

iwater^and I haye> in both direi^ions> a power of acconimodation equ^valeot to a.fbcai 

.length of four incbcSj as before. ^^ i^ f ril fight indeed, the accaniniodatMMi apoears to be 

fomewhat lefs, and only able to bring. the qye from the ilate^,fitteul fQr|j)ara]leri]f|ys iff a 

focus at five inches diftai^ce;. and.. thj^ made me onpe imftginiqi that ^he,cimiealm^^'luiTe 

/fome flight effisA in t^e natural (Utf. rbui, Qonfideric^ tha( the artificial cornea .was about 

a tenth of an inch before the pla9e of the statural cornea, I calcMlatqdthie tS^Ef,Q{ this 

difFer^nce, and found, it eza£tly i)ufficieat to acjqouixt for the diminution of the jrange of 

vifiop. I panpot afcqrtain the dift^n)^ of t)ie .gl^fs leijs from the oorne^ Jto the hundredth 

of ap mch ; but the error ,can^o.^. be much g][^ater) an4 \yf{^y ^e on eiUier iidje^ 

After this^ it.isafmpfl necefikry tp, 4|^cdogize, for having; ;(tate4,t]iie formex experiments; 

but, in;fo delicate a. fu\)j^£l, we (^annot have, too |;rut;^Yanety,o^ ^concurring cridenccf 

IX..Having fatisfied myfelf tW the cornea is n^t cc^ce^^ied in^^the accommooarioti of 

« the eye» r^f next object was to inquire if; any sQf^ation in the Jen|[th ,o£ its axis ^cpi^.bf 

I difcovered ; for this appeared to.be^thfs only poflible alternative :; ai^d^ -Cf nfijefio^ ^pj^ fjich 

a chaoge mufl ^amount to one-feyenth of the diameter of t^e cye,~ I fl^terful fq^slf wi^^^ 

expe£bition of fi^bmitting it.to meafuremeqt. . Now^ if,the axis.ot the eye ^^e elong||k 

one^fdventhj its. tranfverie. diameter mufl be diminifhed one-fourteentbi and the Jemip 

* diameter would be fhortened a thirtieth of an inch. , i / .. ^ «• \« • 

|X tliereCore placed iw(^ ^?^4^? ^^ ^^^ ^^^^ 5^^ ^y^ ^?f.^H^!^47^V^f^.^.j?45'i^^^^ 
towards fts own image in a glafs, the light x;cflc(Skcd from one ^f t^e^candles,by. the/clerotica 
appeared upon its external margin, fo as to dB£u^e,it.di^^[^^^.'')y^ ^'S^^.H^^i ^nfl'.the 
in>age of the other .eai^dle wa^ feep ip, tfie cei\^ jof the coijuea. ; J t|ien applied the ^double 
eye-glafs, and the fcale of the looking*gIa&, ip^the manner flready. dpfcribe^^ but neither 
,of them indicated 8^ly diminution of tl^i diftance, when the foc^ length ofr^t))eej9^^^^ 

changed. . . : ' 1 ^ - ' 

, Another teft, . aadl.s^ Q^^c^,. m/i^re jdcKcate^pne, was, the appiicatif q^pf tlje ring of a key at 
the external angle, .^hc ^^the, q^ was tucne4 ^V^Vi^^W^^^s fi* pptfiblcy; find confined at 
the fame time by a flrong oval vfp.n rj[ng,,-preff^4iga^^ ^,^jthe;JLn|eraaI angle. ^ Tjb^ key 
war forced in. as far ais the. fen^bi^y of ^fhe. ip^eguiipepta w.oja^^^digi^,^^d was w^dged^ 
by a modefatie prediire». ^tweeJl^the eye !^iid the - bone. . Ii> thf^j^fit^a^ijio^jthp phantom 
,f aufed,^^;^9 pipfTure extended wij^in the. fif^)^ of ;perfe^ .vifi?Q» .^4, ^§ very^ accurately 
jdefined', nor did it, as I former) jr. ^agine^ by, any mcjmprevcnta diA|()(Ek pcijcxption^^^ 
the obje£ls a^ually feen in that dirp/£)ion $ and a ftrai^ht'iiae coming ;,«^t^.);|bpj^<^j^^ 
^s ofal pbantomi appeared fomewhat inflected towardSiits centie ; (Flat^jipyib^^g^^^) 

ill '•■';/ - - \J \ t Mf^'M^ 
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a jtildTttoh eifilj Uttdetflood hj confidering the tfftCt of the pr^M 6fl '^e A>fM <if the 

tettna. Sappofing -inow, the diftiince between the key and the iron rlng-fo have been, at 

it really wa8» inirariabley the elongation of the eye maft ha^e been either totally or >rerf 

nearly prevent^'; and, inftead of an increafe of theiength of the e^e's axis, the oval (]pct 

cauied by the preflhre -would -baVe fpread over a fpace at leaft ten times as large as the moft 

ienfible part oE the rftina. Bat bo-fuchcircmnftaiiGe took plaeeithe power of aedooM- 

modatioil^yas as extetilive'as evet ; and there was no perceptible change, either in the fisc 

win u^e figuerof theovallpot. • . > • .t . .,...., ./ 

Again, fince the rays which paft through the cetftre of the pnpilt or rather the anterioir 

TcrtexiDf^theilehsy may, as alitady bbf<irred, be confldered as delineating the image $ and^ 

£nce the divergence of thefe rays with' refpeA to. each other, is butlittle afSs^ied by the 

atefi[a£^ion of thie leas, tbey may ftill be faid to diivrge fromthtf^ntlreof the pupil ; and 

tbd lAageoE a given ohjcSt on the retina muft be Very 'confidettriUy enlarged, by the ic* 

•moval of the. retina ,10 agfseater^iftance from the* pupil and lens. (Conl^rop.V*.) To 

.afcertain the real maghitude of the. image with aiccnracy, i^ not fo eafy as it at firft 

-fight appears ; hut, befides the experiment laft related, ^which might be employed as afi 

arguitadntito.^hiapurpofe, there are two. other, Methods; of clftimating.it. The firft is too 

.Kaxardous toube 'of . much nfe | ibut^ wiUi proper < preeaaitioas, > it '4nay be 'attempted. I fix 

any eye; on a-sbraft circle placed in the rays of thb fun, and^ after fome time, remove it to 

t khe caacellakdinicBpnieter^jUien, changing the {ocm-dtrnf ^e, while the viicromcter 

rreinains.'at i gil^n: diftance, I endeavour to difcoter whether tfaefe is any difibrence in the 

-apparent magifitudectf the fpe^irum on- the (bale ; bu^:! can difcetri none. 'I have not in- 

rfiiUfi OArtlKiittemptarrefpccially as I .have 'not been abid to make- dief fpeflnim dtRinft 

icnougftLwithmitiiacQflhieottoce} and no light is fiiiSqentiyoflKyngitojeaDfe a permanent 

3impreiBon on ab]ffparEofi the 'retina remote from^the vifual^axis. ' I therefore had recourfe 

to another- experifhentv- I pHBceduivo candles fo'as exa&ly toanAver to the extent of the 

(jterminaiioa of. the optic nerve, and^ marking •accurately the point to which myeye waa 

tdire£tc;4i '{)tn»de.Sthe mfmoftijchange in its £oq|l:ieBgth4 expeifting that, if tfaemwere any 

iclonglitien of the axis, riiie'iexterrial caifdlc'waakt appear to recede ' outwards upon.^tbe 

mfible (pace./ (P^ate ^V;>Fig<oif5.)' .But'jdnsdid nothsqipeni the apparent place of the 

.fibfcttfd patt wSis preScUcly Aherame as befare;r'I #ill not undertake to, .fay, that I could 

;ibavc-ob(ervciirA'»r|[jminiite difiereoce eithek* way ? bift.I am perfuaded^ tbatilQioidd:Vaire 

. difcoveredf-a^^Iteration oC )efs than a tenth (port'of the whole. 1 .'i* i v 

i}i Jt-jmiifim kiqukedifrno change in ah^imagnkude of the image :i9:tb.be'ezpc£led on any 

.^tr-fufipefitiofi ii: ted it ^ will ap{iea[rto benf^ofl^Ci thae»the chfiq||ea*i)f xMrvature may be 

*4 This. Corollary iii<niU9Bi94l^s* ^ If j«foiifaied image be mcivsd. on any given plane, ityinillbe 

neceflMy, in order to determine its auigqitu4e, ^fo sdvert 10 the aperture admitting the rays. If the aperture 

' (m foppoibctfo J!^ ipfinitslff fiiMllr ,U nuy^cpniidered as a radiant point, in order to £nd the direiftion of 
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f>^c4 tb^t d>e. 4iruieci0K}i4(t :he diminKhedc iboiit onc-£bztktls by tbcmtiDQft.incitiCB of 
tb^Qwtvqftity 0( tht^h^t Sut'riM wbtlfKbyonis oa the iiuiatio^ o£ tito r^caAing &n- 
fi^flBi M^ tto vtffit&iH^ iMr^o: o( iMr ^nfv^ture, «wbidb, :«» accviotftt i»£ ifaBf^vwiaUc 
^o6iy of tbe4<Hf «^ tm ioafoe^r^bc ^siHi^^ r^Hadcthft^pi^beea 

fiUfipA hfttqwc, the QfimWt .^ber|A%gfMC««ke.'o£.tb€ image n|uft,joci uiyi(igppo6tmui bambeem 
▼ery yariable : at prefipnl, (his inconvenience is avoided b^cjbhft'fitiifitioib^.ciirpcpiU A 
•ibat^e bA\'€;'bbi!fB an aAdiiiipil^^si^ftvioerof'tbe l^iictftifiQ of ibti.adfMpraUb*ocgin«ii:in i. 

From the e^[yfiqient& rohilody. iftappeaarai t<i.bft.' highiy .inaprohahlQ»diitvagy nMiriMrl - 
^oge^afl t(^-leilgthi»fi ibe.aiuii a£l;iia)ly:«)kd$fltcQi iand u is* Uttoftinqioi&fakjto idmooWb 
by,;«rl|atf^wer()i$VA«l4¥Ui^CoukLjRe«ft mth tbBiiuKfiQ& : 

■Aihftuicc lying fiukrvtlMiis M^puld :ef rtainly^ when •aSiogi JnBqpeodend; gArAcrSaichBt^ , 
tend jfco 0at^-lhA eye - focf /9#€e^:|b<9rjcoQtrafiioD wGMd.iaeoc^riiy IsffixLtbc. crauoH * 
fcipnc^ <|r . Aipet^cies : of tbe Oftfii .ibat' ihey ixmtabi»: and liiMind off all its !pronuaeoee% - 
•ibeir attacfameat #boiit tbe niei^ifejand tbe anterior part of tbe.eye mail: tberfefore.bqdvoi^Ilt 
fttoarec icgether. ..(FlailCrSnr* Fig^ 2ii« iMI.) Dr.v(M)enr.coi9fai:;je8tbe«iiBfckaanddwcBfe 
to a CGtee^^of whicb.-tbe £des ^tt;frDtrQd^dt anttiwouUr byi»iinDfitiok)bBbvoB^bbiittoa : 
.ftrai^ lino. Bat «bif nveiikl m|tti(e : a forc^ to prefcnftt thrcdmea as • fiaed psixcy ^a 
firen diftanee fcoinihe orig^Oi ciy tbt. oiuftdes s.a: forte wbidi certainly jdoei^Mtleaofb :»lii . 
the oatmral (hualioa of tbe vifiial.a»8» tbe chrbit beiog-cdotcsD> the eye»aiigfa| heimm wiiai 
kngtbesody llthoiq^ irr^brlf* byi being fbrcedi further. inloikj^ fcut^^^idNp tiiiatdr;««» : 
*waiBd8>eiabetf^fide»illie.faine a^ofai vhoobl rather fliortea its aaki:?np>qia::theadiaay ^l i m i g 
abottttha huiBaneyethat cauld:fupply dta place. la qaadropeds^i^tAeoabliqiMllwiifi^teaaB 
-wider than in man; and in many fitaations night affift m ^tbeieffbdi: ^Inrieod a^pcMo^of 
die orbicular Bdufete of ihe globe is 'attached fo near bothq iervt^ tharitteii^raHb cd-^ - 
operate kuhe zSiiom.: and I .have no ttpa£(m u> doubtithe ac«atacyx)f Dr* Olberii'who 
-ftateaytbat he effe£ied a doiifiderabkc^atodgaixoa^by tyin; throadirtoSrfiaamiflias^^ 
eyes of jiogSrand of calves; yet he doca^aotfay.iii arhat'pofitiiai the axsi-was fiabtfT ftnd 
the >fia<xsdity q£ die eye. after death mi j|Itt fJB[hdariruch?aichatige>ery eaCy:^s wovM bfa ioh 
poffible in a living eye. Dr» Olfarars alfo/mestbrn aa ofafeivafion of f rqfeffiir W^fbwg^^ 
the tyr of a atfai^'whom he believed to.be deftitnteof tlie. pMmnofrqaDOoioiisoiasiov: ib 
hi$ life-time^ and whom he found, after death) to. have wanted bnotor nioveoof aheiapafclest 
but this want of aGcotmnodatioii wat^MeTf(t all acoasatc^ afMitaiiH9i9Lf:>tl aaeafiiaed, u 
the huasaajoyc* tbe diftaocB.?c<..the 8di&cl|nicnr')o£ Jitie*lbferior A^ 
the iofertiou of the nerve: ic was one-fifch of an inch ; and from the centre of vifion not* 
a tenth of an incb ; fo that, altheagb the oUiqttb mutcles do in'4o(nc pofitions nekriy fbra 
a part of a great circle round the eye, their a^%A* would W ^ore fitted to«flatten than to^** 
elongate it*. We have therefore reaibn to agree with Winflow, in, attribtttini; to tbcm the- 

-. rN the 



the: 4)fficc'o£; helping u> (bppon the tje oa^tl^rtfiilewkerrtheliMesue ih^ ' 

tbeji icqp §^fo well calouIytecLto prevent its^ beUig..^9>ii too muth baclwirdelbjrthe a£ti^ ' 
pf'^ ftratgh^ mufcles. Aads cv^ef if there ^eic no dUficukf in fiippofing the mvtfclfcs to i 
elongate xbffffp in everf pofiUoiH yet at> kaft fomt CtMi\ diStr^fip Mrould be t:tpoEted iit ' 
4he «ext»nt oS the change, wheip) tl^ eyo it iajji^tentii^li^ioiis^.iitan intpfYalof oiofr ' 
shsLU^ rigl^i ^pgle. &pm each otiKv-l? :l»«it tf^e .^pt^Bie^Mr ihe wMhfiit tl^ere U>iK>ne.' 

Dr. Hofack alleges that he was abte^ hj oi^ng • pffflu^i oa the eje, to accovBUpodate i 
je tOra-^neaner objeA:-^ i» does iiiptsfy^r that ht made vfc at yerj- aoecirale meima of 
^fcertaining the f a£k ; bv(t^ \i fbfh Wteffi^rtoQk fja^ti ^ f;^e Jboft have^bem ap ii^- 
jfleAion of 'th&.^cofacsu ...' . r:. ? 1 • ^ • '^ I •..'>- /,• 

i It i^iinaeceflar^r to dwall oo the i^p^iupn vA^ch fuppofes a jp^ opei9ttMf of -f^bang^f in 
thqjeMr?atH» of t^ /cornea a^4 i» the hu^gth^of thalaf^ l%i|,0pifiion timd det iv^ediwrr 
£Dcat ^x^fpei&aijbiiiit)!^ fi:4)aa the^ipoft^i^K^nimsiMaid ekgant; mtanet iJi^h)leh Oik Olbtrt ha4' 
treated it, and from being the laft refult of the inveftigation of Mn Home a^d -Mi:. - 
llamijden. ^bc ei^bes o( theicurie^of' e||ieri^neota which hive been xehked^ ^[>I^^ t? be 
firiScyai tof^oafutc-fc f- r'-f^ .. - > ' .-' - f 

1^. bi] now HiPnine^ ^ Io4ot|P& ia|o tfic- preteafloue .of tS&^cr^rft^ne l^ae . ift tfvi^|^over 
i>f. alte^ngi^e ipoal Jfi^h ^' the ef e. ■ iTho gt^v^ ofai^oai to the efficacy of a^qhiVBe Oif - 
AlpirciiJ^. thi| ki|8^ wa$ 4eiili«ed, from the esperlnieate ia which- thofe who have boMi:4e>^ ' 
prived of it have appeared to pcflefs the faculty of accommodati^^. ' ^'' 

. iMfr friend' ]tff^..WafCW /cqavtaoed a$ he n^as' of (Sic aeialiief§ and Mwnfflof Ac-n* ' 
HeHnfepia pielatA4 ln:the Cia^ian LeAare • for* i'79$>. yet could -mot 0tH/ bMp -imUgiainf^ 
fmfi!^ 4l|ei^iDtt8. ndTantageeitU hie palienta founds' after tfae'eatni&idn of Ihe ir^ . ipmSxig ' 
fvfo\km4^. bi' tpefkwdo$f that' there fmaft, in foeh cafieSf-be: a: dcfidency itt that fapulty* 
.IHhia cifOttmftaacC>> comhiilecl with a.oenfideratioA of die ^AneAiona very Judtcioujiy :gtro9- 
hfSk. Potftei€dd> -fbr afeertaining the' point !• 'qoeftioa> fiotft nade me wtih to lepfeat * 
iihe experknenta upoa radovu^iadatidiiatH and with the:iiiAi!iimpntwliichrl'hasrerabqRre.de- ' 
^)rihed4ian Improretneiit^ifiiS^ RorteafidU'a dptoiMtes: ransfclrattft here ackoowied^ 
19f gOiat'4lbUgationit»iMS^ iWare^ far the fisadtnefii tod.kberality.wilh^wjbidbrhe. itt«- * 
itredMirf teit ior(fiicb.t>£Jd» aainetiotta {laiiedla aat lieirtbauefattiiiQftr.likely^.to tfaroiOi^ * 
a fatisfat£iory determinatiotu It is unnecefiary to enumerate every, particular cxpeiMae i alf^- ' 
.hut the anif erCi&iidftth is^rfflitiary to fhe -cxpeOation with'whtclf I eatScfed'eta the 2fiqairy>. 
r^h^tioaa eye deprived of lAe leryflMH ine }e«s» tho a^^ual fbcalr difiaace is totally undmiige-- 
«Uc. .ThiswiUkappcapfa0ii^^(ele6{|oaof^the«iaQft^^^ ' .i 

• ;i*'-Mr..B»fla|iii^d«c.feuihiaehel.aad ttrfteonly,. YiUSlt^e'IfafflC^fl^. He faw.!tjte 
4<9iihle{)i«es aneeiing aMhwb iMhcSf land: tlwayf at the jEuAfcz/peiat ; ^hut the com^ was 

ifimewh^ie iriegtttarlf iK^Maiajentr «nA h^^ 

fimhimi 4.eoa«Mt2eftt'ap|iafftitta». .• . > ' r( ' ^ '. . ji 

, . f Phil. Tranf. for 1794, p. 812* 

X after- 



■» 



3i94 Defcriptim df a Suppirf i^plkghli' to Shlancts. 

ffrinng rt in aAy refpcA of ttt'preciGon, (kMi ithtd a cfofiVenient iM^ni of raifing ui(ik 
lowcnttg it at pldkftire. It is well known how . tronMBftKn^ it is «o'wetgh by Manois Keld 
in thff thuid, and tbis tnmble is freqocntlf by no tiMte tht 4ilitll!ft t a tonNr t hte t iy' i m jKd * 
ing that metbod. . ,.•.'•.'• o / ;: < r^ . 

Sevefal anifb Karetntented fiipiKM^ (xMireiii^^ in th^tr nfr| "Mi ingenbtH in ili^if 
^ontrirance ; bttt each of tbefe^ adapted only to' a fiifgle ttalancei amd incfeafertbe fwiee 
In fuch a mamier ss t^ put it-dut tt-tibt eonrenienee-of itMrftphiMAipkefK and aniftsk t 
hope r fhalf tbarefore give thempteafore by pttbltfhitig, infConrequende ^•tlK'iawilaams of 
levenl edebtaijid ditraSfts^^ Ae defcription^ df -a ftlppbft» *Whkb^' tti tlh^^dvanffegc of beiof 
flnivetfali adds that of cheapnefs and eafy execotion^ #hethth In ^oM or in hietil. *' 

tt WS8 my }ntenHon to haVe added to this defcrtption fome views refpeAing th^ Aelty 
and eonftru£lion of balances, from which I apprehend that artifts acquainted wifK the 
ekments of geographfr and eakulatioit might derire fome U?anta^ in the iflSiprMcmenr of 
tkiachsnes fori^eighi^; bttt ts this patt of ifay -work t^ more extended-tkinr^I^W^MI 
ihooghc, ilhaUptitiBitit fepmittirty. • / -.. .;<. ; .:-:,;. .^ ,.. 

A'trian^lar fo6t of 1)r^s, A ^ Viy ^^ (PlateJgVt Tife: t^& a)- has ttytli i w< O Krt W<gies^ 
0, iT leTy foiidly fcrewed' to a table or )K>ritOfitai plane. ' In the' part A' 'of l|Ai fsbt Hs 
Icrewed k cylindrical ftetn >A B> of any eontenient length. It may bo^ propet to hamtcm^ 
. -of different lengths, iiti order to exchange them when very large ^balan6ea>ai^ tfbd^ • -'flieft 
wtitrfU havt ufed ire of haflf a metrirahd-a' ihetre W Bsiigthh - - * *' •*- ^. ^t is: .afj 
''^A vmical 'j^uUey b placed at the: ^op of ^be tofd'Aift, lb ^at tlie' fttsfe ^rtiMl>iiliii€ 

efl^s dtrongh the aiscls of the^beati^Hitidthe horixotitU axis df the pnltey. tlie 4«(jypm3t 
ly W t)i{^ pulley has'at itV lower part a cylindrical bore, info which the npfkn^leWMiti^r 
:6f the tod A^ emers with an eafy fridibn $ and t thumb-fcrew £ ferres by^ity |ifidliiM^l4 

keep the pul!cyin its fixed pofition. ..• »-j • :i 

Another pulley F is fixed below tKs cod A B^ ifo U|at the tangent line to the pollies P^ 
iflLpaidSUfiLto. the axisj>f jthe rod A B. 

A ftring K / ^ H G P f , at the end of which is fufpended, beyond tHe'edge oflEe lable 

K, a fmall weight, h paflcs through a hole U »adc in the foot d\ , thence OTcr the puUies 

. f andlPy and is faft^ncd at F to the upper part of a piece mtHnq, which is forked, and to 

whidb are fufptnded, as I Ihall proceed >o exptain; the'Waifnce,^ ^ijgbk^, wad iikc 

libjeAs to be weighed, f! i^ is i button, which, bc^ingf'fcr^wdd to the tbp^of thrBMr,* re- 

rceivcs the ftring tKrough a'^hole, in Wbicli'it remains' bf vitttic 6f a bK>t noMk lA ks 

extremity. '^ 

Ihe tail, or lower pan o( tkis'fkk h^ ^rifmfaitk in its pn* mC ir.f and tBia forifdlltie fi^t 

•ktiMs into-fl^ noicb// «iai&ia Uie^extfomity N- of< the -feciaontat picor liiCk M fwbkhft 

'ta^ AMly Aide iipwanbanA dawnwrnf da 'theoogii. n limifaMl ^acnp xfsiafisQBit'jbetnt.'ft^initd 

fay the enlargement of ^the. fork below, and above by the enlargement occafioned by the 

Reparation of the two branches of .tjic fork, ,. . i. 
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<: Tlic fiMe N Qiftperfarated^ Md onqp be Aided wf md down the 'ftem A B, mizlXo 
fJMifcd horfsoMAy ro tke -riglic and left. Whea it ku^ the proper height, it ' it fixed^ hj 
meant of the preffing (crew V, that it to fajT) ift. when its height is fuch that the ftop m*^ 
iiefttion die edge of the ttotdi/Zy or when N O, being at hs loweft fimit, the dHhes of 
dw Wmecafe ia cootaft with the table or horizontal phme, fo that it may be raUed after- 
waels thtoogb the whole height/ n; and, idly, that the ftrtng FF ifaaH be ia the fame 
irentcal pfaoe with H 0» 

. . The noteh 10 N ibiift be fo plaeed diat the axiaef the pAfntatic part of the tail of Ae 
fork and the ftring F V fliall be always in the fame vertical line paraUei to the %alt of the 
fteitiAB* 

Thefe arraagementa being nnderftood, let us imagine the two branchesa q of the fork lo 
'be driUad through with holea of difierent fizet, to receive the horicootal pint ^ |r of different 
4iaaaetert» and we (hall poffefii an apparatat quite adequate to weighing in the air witlT 
balaneet which hare their beams fupported between the nfoal frame and rtngt. 
, Whatever^ in fa£tf may be the fi^ of the balance intended to be ufed^ the extremitf 
jof its cUp» or frame, is to be introdoced between the foik n f, and a pin of flieh a fiae at 
to enter very freely into the hole at the top of the clip maft be paflM through i aft^ whiidt 
the piece O M ia to be plaeedi fo that die tonditions before mentioned with regard ti^thia 
faece (hall be obtained ; and in this pofitioif it is to be fited with the thumb-ferew V. TI& 
operation bemg made, the dUbes of the balance are to be loaded^ whidi, bein^ in contact 
with the tadile or horizontal plane, cannot more. The fmall ball k being theh-tai^n in the 
lundy the ftring muft be drawn fo that die balance fliall rife very (lowly. If the fcalet bfe 
tioc in equilibrium, the beam muft be (afiered to defcend, aed &^ proeefs' of weighing be 
completed by altering the load at ufual. 

A conaterpotfe Q, fufpended on the (triog F 6, forms an equilibrium fo die wei|(ht of 
the balance. By means of thit precaution, the refult of all the efforts which fopport the 
pulley P pafles in all cafes through the axis of the rod A B, whicbi' eonreqtttatly> wiH 
have no difpofition to bend or incline. 

Bat if it lie propdied to u(e an hydroftatical balance, a fmall table O N, Fig. 3, it 10 
be adapted to the rod A B, which, l>y meant of a cylindrical perforation in CX; can flide 
up and doam the rod, and be fixed at any required height by the thumb- fcrew V. Jai% 
jsther piece, or little table, K' K, is placed upon V N, fo that the holes T correfpond ttf 
the centre of the diflies, below which are placed the hooks intended to hold the bodyAif- 
pendcd in water, and HI K' is fixed upon V N' by means of the fcrew V^ 

This adjuftmeot bdng prepared, the piece N O is to be placed on the table K' R^, lb 
dur» ift. the whole height of the balance (hall be comprehended between this pieofc aifd 
the (inall table, and the di(hes (hall be contaA with the fame, their centers cor«^pttikfii% 
with die openings made ia T ; 2d« that KK' (hall be ftifficiently rai(ed I* admirofdie 
••effels W W of water being placed beneath, fo as conveniently to inunerfe die body in^ 
tended to be weighed in one of thefe veffels. 

Vol. v.— Ndyembbr i8oi. R r Thefe 
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- Thefe bodies afe ufaally fufpended by a very thin meUUic wire; but, by |>lapiDg two 
teflels as I have done, and fufpending to each of the bafons a wire of metal of the fame 
diametef) one to fupport the body» and the other to be fimply immerfed lathe watcr^ the 
magnitude of the diameter will haye no influence on the accuracy of the experiment*. In 
fa£t, if we fuppofe the machine to be fo adjufted that at the commencement of theopenition 
ihe difhes (hall be in equilibrlo (which is eafily efie£led by Tarying the height of the water 
in the veflels), thefe two wires will continue to form an equilibriuniy when the beam F F' 
being raifed ftill preferves its horizontal pofition. Whence it follows that if to one of 
the wires there be fufpended an immerfed body^ and in the oppofite bafon there be placed 
out of the water a weight capable of maintaining the equilibrium^ that equilibrium. will 
continue^ whatever may be the elevation or depreflion of the whole balance, provided it 
continues horizontal. For the lengths of the wires raifed out of the water being equal, the 
difference between the fpecific gravities of the water and the metal will have the fame \x^^ 
fluence on the two extremities of the beam. It is evident that the fame advantage could 
not be had by employing only one wire ; namely» that which Supports the fulpended body» 

* and that the equilibrium correfponding with a certain elevation, and the horizontal pofition 
' bf the beam, will not agree with other elevations and the fame horizontal pofition. , 

' It muft be obferved that my procefs not only compenfates for the excefs of fpecific 
gravity of the wires beyond that of the water, but alfo for the adhefion of the fluid and 
4bat portion which hangs round the wires, and is raifed with them. 

The whole of the preceding account is applicable to balances fufpended in the ufual clip, 
or forked piece, terminating in rings for fupporting the fulcrum. But in order to render 
my fupport abfolutely univerfal, it muft be adapted to a beam alone, the knife edges of 
which (hall find a proper place to a£t upon : and in this I have fucceeded, by contriving a 
forked piece, which hangs from the fork n ^, and is capable of receiving the knife edges 
' 'of ■ any beam whatever. In the drawing this piece is properly placed in the machine, and 
its. conftruAion i^ as follows : 

A piece S s (fig. 2.) is pierced at x by a tapped hole, into which the fcrew d d enters t« 

half its length. Another hole made in S, perpendicular to the former, receives the fingg^ 

J^{ng. I.) which fufp^nds the whole lower apparatus, and anfwers to the hole in. the upper 

part of the fork^ of common balances. 

* ," ^'Twp' other- Vertical pieces r r,, Fig. 4, have at their upper part hdef not tapped, in 

which the fcrew d d may freely move. Thefe upper ends are to.be placed at an arbitrary 

' diftance, Vherc thcfy are retained, and fixed by four fcrew-nuts Uf each piece being thus 

confined between two fcrews. A cylindrical rod b h pafies through the lower extremities 

''of thefe pieces r r, and is fixed by prefling fcrews \ fo that the upper and lower extremi^es 

of thofc pieces are invariably at the fame diftance. • . ^ 

Each of thefe pieces rr has on its face, which is perpendicular to the^»dire£);ion' of'Jd 
and b^9 z long opening //, and a circular perforation X, (fig. j. and 5.) the lower part 
of which is armed with a fmall face of poliftied fteel, upon which the edge of the fulcivm 

rods i 
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rcfts; in the upper part of the openings yy, a rule / e is introduced by tight friflion, >vhith, 
together witfathe pieces d d and h b, give to the frame fuch a degree of foiiidity) that there is 
not theleaft fhake or play in any of its parts* That part of its opening which is not occu* 
pied by / e mnft be rather longer than the longeft index of the beam's intended to be- ufed. 

The ttfe of the frame or fork of fupport, here defcribed, is extremely fimple. The beam 
is to be placed between the two branches r r^ which are to be feparated till the knife edges 
are oppofite the circular openings X, when they are again to be brought together, fo as 
to include that fulcrum, leaving a little play between the fupports, in order that the 
Tibration may be perfectly frect The parallelifm of the pieces r r, and the perfe£l folidity 
of their conne£tion, is then to be efieAed by means of the fcvew-nuts, .the fmall cylindric 
rod b bf and the rule e e. When thefe difpofitions are made, the whole apparatus is to be 
fufpended by the pin ^^, in the fork/, and the balance is fit for ufe. The equilibrium, or 
horizontal pofition of the beam, is known by the pofitton of the index j^j^ in the middle of 
the opening ie\ or, to render this eftimate more exa£l, I have fufpcnded to the rule ^ # a 
plumb*line e 1, by which the flighted deviations from the perpendicular may be feen. {• 

Such is the defcription and ufe of my fupport, which in pra£iice has pcrfedlly anfweced 
sny expe^ation. The inftrument I pofleb is entirely of brafs, made by Citizen Dumotier^ 
an artift well known for the conftru^iion of philofophicai inftruments. If the fork, and 
fome of the nicer parts, be made of metal, the reft may be advantageoufly formed of 
wood. 
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V. 

On the Combinations of the Metah with Sulphur. By the ClTlzSN VAUflUEUH* 

X, HE combinations of the metals with fulphur may be divided into three orders, namely, 

1. The metals and fulphur. Thefe are combinations, which properly fpeaking, ought 
to be called metallic fulphurets, or fulphurated metals; nature and art aflbrd many fpeci* 
mens of thefe. 

2. Metallic oxides and fulphur. Thefe ought to be called fulphurated metallic oxidei^ 
or oxided metallic fulphurets. They are alfo very conunon in the native ftate* 

. 3. Metallic oxides with fulphur and hidrogen. Thefe triple combinations are named 
hidro-fulphurated metallic oxides* 

. If the predominating fubftance in thefe different combinations be taken a$ tiit bafis of 
tlie nomenclature, it would be neceilary to reverfe the order of the common denomina« 
tions; for in the fimple fulphurets, the metal always predominates as to its mafs; the fame 
IS alfo the cafe in the fulphurated oxides; and in the hidro*fulphttrets the predomipance is 
iirft in the metals, then in the fulphur, and laftly, in the hidrogen. 

. Rra . So 
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8b that inftead of metallic fulphurets, oxided metallic fulphurets, and metallic hicbao^ ^ 
fu|p|mrc;t3i, w<e bugbt to faf ftilpbtttaledinetald, falpl^urated metallic oxides, and fulphuro^^ 
bidrpgcuiateid metallic oxides. > -^^ i- 

But ufage has prevailed in chemiftryi whether from facility of pronunciatioO) or the 
{Tester fmop^hiM^f of .tfae-term^ ^Hoveter diis is of tio great importancci and if the 
ckmeota of bodies jbe clearly underftood fibm the terms, it will be fufficicnt. 

Ccncermng the ^Smn \tftbe acids uf^ih'e ineialUc Julphurets. i 

Sulphuric acid. 

WJbenoTCfriiififumof .the affinitii!s of oxigenfor the n<rta11ic fubftance, and of the oxide 
tbua formed for the fulphttric acidi id greater thaii that of the metal for fulphur and of 
ox^en fos the Ailphureova acid, there will conftantly be a decompofitian of the metalijo 
iulphuret, and the refult will be a metallic fulphate and fulphureous acid. The whole of 
thefe conditions are not always neceflary : but each conc^c8 ia the accomplilhment of the 
new combinations which are formed, and accelerates the operation. There are neyerthe* 
lefs cafirSf in which for want of one of thefe conditions the bodies do not iQi at all nfoa 
eacD other* 

. The iitlphinric actd for example, decompofes the natural fulphurated oxide of iron or 
auurtiai pyrites very well ; but the miuriatic acid cannot decompofe it, becaufe the fulphmr 
m this cafe is not attraAed by any body, whereas in the former it is attrafled by .the ftd«> 
phuric acid, which it converts into fulphureous acid} for though I have found by many 
fia&Sf that the' iron in martial pyrites is oxided nearly to the point in which it is eafilf 
fbluble in acids, it cannot however be decompofed without forming a great quantity of 
fttlphuric acid. 

This opinion is confirmed by the conditions neceflary for completing the operation. In 
fa^ the comptete decomp^ofition of pyrites cannot be efie£ied without heat, and a great 
quantity of concentrated fulphuric acid. For it is evident here, that acid is not only ce* 
quired for the (at^ration of the elide of iron, but alfo for that of the fulphur. I could 
Kkewife «rgc ia fopport of the fame opinion, the greater affinity of the muriatic acid for 
the oxide ol ivon^ which neverthelefs it is incapable of feparating from the fulphur undel^ 
thefe circumftances. It may feem ftrange that the nitric acid, of which the affinity to iron 
y lefs ftrong, flioukl neverthelefs decompofe the martial pyrites with fo n^pch facility ) but- 
we ought Bot to deceive ourfelvcs by fuppofing, that it is by a ftronger affinity that thie 
aeid takes the oxide of iron from fulphur ; for it is on the contrary, by affording a new 
quantity of oxigen t& the iron that the affinity of the metal for the (ulphur becomes fingu^ 
korly dioMnUhed; In redity, fulphur does not unite with iron oxided to the maximum, and 
when by cevtain peculiar procefies thefe two fubftances are combined, the tS^€t alwtye 
happens from a reparation of part of the oxigen.. 

Though the muriatie arid cannot decompofe the fulphurated oxide of iron, it decom« 

pofes on the contrary the ftflphuret of i)-on, in which (he metal is not oxigenated, iwiih dM 

greatcft facility.. But in this cafe three forces a£E at once— namely, that of the iron on 

4 the 
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tlieoxigen of the water, that of the fulpbuv o»the hidiogcft of the fsmt^iiMtanee, and 
laftly, that of the metallic oiide formed, for the muriatic acid. la this cilciimftattce fbl-' 
phurated hidrogen gas 18 conftantly difcngaged. 

The fulphurtc acid which does not decompofe the fttl|hurate<i oxide of ifOiH unl^ Ir^te'' 
concentrated and boiling, decompofes the fulpburet of ifois without he^r^ an<> th^'mtfre '^ 
readily when it is diluted with a certain quantity ol water. The reafon^f this ^^ently 
requires no explanation. . : . n ' ' * 

Though a great quantity of water oppofesthq a£l;ion of the acids on the m^tflHc fuU 
phurets in general, neverthelefs it is lefs noxious with refpefk tci that 0t'it6h ihtkti with 
regard to the others, becauie the fulphurated bidrogen does not decompofe^ Ihe folutions oif 
iron in the acids. "• r .- - - > 

* J « 

Coftcermng the Sulphurei of Lead, 

In the natural foIjAuret of lead or galena, lead exifts in the metallic ftate^fpr which rciibnr* ' 
when this mineral fubftance is brought into contad with the muriatic acid, fulphurated' 
hidrogen is formed.eyen in the cold. It appears even when the fnlphnr is. wutcd.to the 
oxide of lead \ this metal lofes its oxigen in oider to unite with the fulphur, for we obtain. > 
a nkfttcr perfefkly fimilar to natural galena. The manner in which the red^fkioA o£ Ifad^ 
is here cflFeded may be cafily underftood. A portion of iulphur combpi^s with the oxigem- 
, and forms fulphuric acid, which the heat volatilizes, and another portion unites with tho 
metaUiC lead*. The reduAion of lead and the formation of ^deoa take place nearly uk^ 
the fiime manner, when a folution of this metal in an acid is- mixed with a felution o£ • 
fulphurated hidrogen, or of any hidro*fulphuret wkatevcr* Tbei;e i% neverthelefs thia^- 
difference, namdy,. that in this cafe the hidrogen takes the oiig^n from the lead, and^ 
forms water at the fame time that the fulphur and the metal, which mecfe in a ftate of cx«*^ ^ 
treme divifion, combine without heat in the midft of the fliiid*. Ther^ is alfo another dif«i> 
ference, that the galena formed by this procefs contains rather more fulphur than the aai** 
(ural compound, iui mi prottedbythe fmall quantity of fulphur. wh^biffi^icatesivom this 
fubftance at a very gentle beat> and then, leaves it abfolutqly in«thc £»me ftate ascommoA> 
galena* ... . ^ . ; r k 

From thefe faAs it follows that the muriatic acid, and probably all other acids a6l 4m - 
the oxide of lead by their mafs and their concentration; that when thefcr two forces, or- ^ ' 
even one of them is deftroyed, or (imply, weakened, the fulphurated hidrogi;i^ deprives - 
them of the lead ; but whatever may be the qiianctty and concentrati«)n of the. acid united t 
with the lead or other metals, the decompoCdon of th( fait will, take pla^ i£>an ;hidro-i- • 
folphnret be employed iri fufficient quantity. 

It is not fingular that the affinities of the aeids for tbq. metallic oxides ibpujd' be weak*- 
cned by- water, nor that their aAion on thefe fubftanceslbottld be inorc energetic by yirtue -. 
of their mafles. Antimony, mtrcury, b»{ioittb,.aibll Ififbitiel^ ai&rd- (tnking;^*exafnplea» 
of this* * 

It: 
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It U known, in &£!, that when a large quantity of water b added to their .C(U3Centrated 
ftflutioos, yerjr confiderable precipitates are formed, which have been miijtakenly fuppofed 
to be pure metallic oxidesi but which are really falts, containing a portion of acid ftrongljr 
adherent, that cannot be completely feparated but by means of an alkali. t 

: Sorthat we amy confider tho.oombinations formed by thcfe. medals, and probably manjr 
others alfo with the acids> as neutral (alts diflbived by a fuper-rabundance of acid, which 
is taken from them by the water, and confcquently the falts fall down trulj neutral iind 
i&foluble. 

From «he manner ia which the muriatic acid a£);$ dn the metallic fulphurets, it follows, 
that the more the metals which compofe them abfocb^of oxigen to u\iite with, this acid, 
the lefs there remains of fulphur after the folution, and vice verfa: but .if tbefe metala 
abforb little oxigen, if they contain much fulphur, and if alfo th<ir afTinity for oxigen be 
inconfiderable, the totality of the metal will never be feparated from the fulphur by the 
muriatic acid, becaufe in proportion as this combuftible body becomes more abundant, it 
oppofes by its mafs the folutioh of the metal, and hence it is that certain mehiUic Ailphu- 
rets which are not attacked by the muriatic acid, yield to that force>- after a portion of 
their fulphur has been (eparated by diftillation. 

The mode of aQion of the nitric acid on the metallic fulphurets is very different, and 
tfiough the fulphur is not in this cafe attra£ied by any fubflance, neterthelefs it is com* 
pletely feparated from the metal, and falls down perfedly pure if the operation have been 
properly performed i but though the combination of the nitric acid with the metal is not 
alGdedby hidrpgeh, as happens with regard to thc'lmupiatic acid, yet this firft acid yields 
oxigen tothe metal more eafily than water ; and it is by virtue of this affinity of oxigen 
for the metal and the oxide which is formed for the undecompofed acid, that the folution 
is effeded. So that^in all the inftances when metallic fulphurets ?re decompofed by the 
nitric acid, there is conftantly a formation of nitrous gas, and never of fulphurated 
hidrogen;' ■-* *''-" '" ^* • 

It appears in general, that fulphur has a ftronger^ffinity with the metals than ^ith their 
oxides, and that this affinity diminiflies in proportion to the quantity of i^xlgen they abfotb. 
There are even fome which do not unite with fulphur but in the complete metallic (late. 
Thus for example, by triturating the brown oxide of lead with fulphur, a portion of the 
fulphur tsikes fire, and the other portion combines with the lead thus reduced to the 
metaUic ft«fc, '" • ' - 

It appears alfo that zinc does not unite ^dth fulphur when it is completely metallic, or 
at leaft that naturfe has not yet prefented inftanCes of this, nor has art fucceeded in com* 
bining thefe two fubftances. That which is known in mineralogy by the name of BLehde, 
or fulphurated zinc, has been miftakenly regarded by fome minepalogifts as a combination of 
2inc with fulphur. It is on the contrary a fulphurated oxide of zinc, which very frequently 
contains hidrogen } for the blendes are almoft always folublcia acidsy and produce fulphu- 

•' rated 
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rated WJrogcn gas. A tranfparcrtt blthcTc which kfts JnfWe matonerwlfh thedcWIs, muft 
thcreftire be Cb'ftfidtrcd kb rile tftte hidro-fttlphtfratesd oxid^ of -^c, or fultihtiTa^bidrogc*^ 
hikted oxide'. There mtty eMftcnddes of ficinc {imply: fulphiiftfted,- ^d there would then be 
two fpecies of ores very diffefetir, one fo!ubIe in the folphurie tkid muriatic acids without 
effervefcence, and the Other Oii the eontrary afibrding a greater 4ri lefs quantity of'fulphu- 
rated hidrogen gas. 

Metallic ihercury does not vnite Tcry Intimately with AilptiUr. Mineral ^thlops appear 
rather to be a mixture than a true combination, but when this oxided metal is combined 
with fulphnr, as for example in cinnabar^ it adhe^s fo ftrongty that no fubftance can 
diredly decompofe it, and the feparation can neVer be efleA^d but by altering one or 
other of thefe principles. It is either nectflary to burn the fulphur, or dis- oxide the me^ 
cury. Cinnabar owes its fine red colour to the great quantity of oxigen -which the mercury 
contains. 
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Notice reJpeSKttg the extenjtve Logarithmic and Trigonometricaf Tables^ calculated under tie 
DireEfioti of ClTfZEH PronY^ Member of the National Injiitutey isfc, and of the Report 
concerning the fame. By Cititen$s La Grange^ Laplace, and Delamhre^ 
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HEN in the year 2 of the Republic, O Prony was charged to calculate the nei^- 

tables of fines, tangents, &c. and their logarithms as required for the decimal divifion' of 

the quadrant, he was engaged not only to compofe tables which fbould leave nothing to he d^- 

ftred with regard to accuracy ^ but to make them the mojl extended and mofi Jlriking monument' of 

' calculation 'iuhich had ever been executed^ or even imagined. 

Cit. Prony applied to the execution^ of this grand cnterprize fuggcft'ed by Citizens Garnot, 
Prieur dc la Cote d'Or, Brunet dc Montpellicr, which required to be finilhcdin a ftiort 
time, the principle of the divifion of labour by means of which the perfeAion of work* 
manfhip, with the faving of expence and time, are obtained in the arts. This divifion, 
which renders the mod unfkilful hands profitable in manual works, permits the ufeful 
employ of men of very limited powers in operations, which on the whole are delicate, 
but abound with fimple and minute details. It is much to be wiflied, that this expedient 
might continue to be ufed for the perfedion and extent of great fcientific works, of which 
the plan cannot be underfiiood but by men of a fuperior order, but of which the execution 
prodigioufly exceeds their phyfical power. Such for example, are the numerical develope- 
ment of formulae, which five the perturbation arifing from the mutual attra£Hon of difTcfeat 
bodies of the planetaryfyflero, and the reduction of the ^ronomical obfenations prop^V 
to determine &e elements of the orbits of thefe bodies^. 

Citizen! 



Citizen PronjF divided his afiftantt iato ihite foSAoim. 

The firft was coiopi^M oC five or fis nuMbeiMCieiaM of very grest laeriti vrlio were 

iC^ployedoa the aaalyocAl -p«rt of die work* tild i« geniMl on tlM tpfilicttien of tbe 

method of differences torijbe fiprnMdoai o£ tablee^ tber calceUfimi of vertous filndamental 

ttumberst &c«. Cittaeflhliq|eiidse» wImi ibr foqie tme bekmged to this fe£Hoo^ gave verf 

elegant formuls for decerminiog the fucoeffive difierefices of the fines a priori. 

The fecoivd ff AioA eoafiicd of oslcobtevs tl? whom the analyfii was familiiar. They 
iAxeOXf calculated tlie di fe iw cea of the fevehd Otfdcra nreeffary to fom hy faceefiive addi- 
jtipns, according to tbe method of intevpolation» the values of the trigonometite lines*de- 
parting from a given ficft value iblro^gb the whcrfe tniervaly wherein the di£ferences of the 
ix^oft elevated order mighty without ie«Gble error) be cottfider^d as cooftant. 

.The filling. of thefe iotcarvais was reduced to fimple addition performed by the. third 
fediion, the papers of which were afterwards tranfmitted for examination by the fecoud. 

The calculators of each fe£lioii formed two divifions, each of which performed the 
whole work without communication with the other. The comparifon of the refnlta thua 
obtained afforded the verification. 

By thefe means two manufcript copies of the whole of the table was formed^ oompofed 
of fevcnteen volumes large folio, and containing, 

• 1* An iotrodudibny confiding of an espofition of the analytical formulae, the ofe of the 
trigonometrical table, and a great number of pavticukNr aad-auxiliary tables. 

2. The natural fines for each for io,cxx)th part of the quadrant, calculated to tweoc|'<* 
five places of decimals, with feven or eight columns of .drftienceSf to be pobliflied mth 
•twenty-two decimals, and five columns of difierences* 

. 3. (The logarithms of the fines for each ioo,cooth of the quadrant^^ calculated to four- 
teen decimals with five columns of difierences. 

4. The logarithms of the ratios of the fines to the arcs for die firfl: &ve thoufimd 
i<)Q»oooth. part of the quadrant, calculated to fourteen decimals, with three columna of 
differences. 

5*. Tbe logarithms of the tangents correfponding with the logarithm of the fines. 

6. The logarithms of the ratios of the tangents to tbe arcs calcuhted like thofe of the 
f ouith article. 

y, Jliogarithms of numbers from i to 100,000, calculat<!d to nineteen ]^aces of deciottif • 

8. The logarithms of looiooo to 200,000, calculated to twenty-four decimals^ in order 
to be {lAibliQied to twelve decimalsi and three colunins of differences. 

l^bis explanation (hews how far fuperior this work is to the Opus Palaiinum dc Tria^gy/ii^ 
began by {Lheticus, the difciple of Copernicus, and compleated in 1596 by Otho^ the difci- 
pie of Rheiicus, or to the Thefauruf Mathematicus, publiihcid by Pitifcus in 1615, and tbe 
laft tables of Vlacq. This was the judgment of the CoomufiarieSt which the Cbis of the 
Fbyficai and Mathematical Societies of tbe National Inftitute nominaied to gHe an acconne . 

of 
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of thU worl. It 18 much to be wi^icdr that the gstenuMiit would reftitiie' the Impreffioa 
of this, immeofe work^ which was fafpAidcd at the fall of the al^atft. 

To the notice^ of which upe have given an account, Cit. Prony has added a bibliographic 
anecdote refpefting ti^ Opus PaU^imm, rttj interefthig to thofe who feek rare books. 
They will leant with pleafurct that there are a few copies ef this book| in which 86 pages 
have been reprinted^ containing the cortaagents and co*>feQants of the feven firft degrees^ 
of which the laft figures were uncertain in the firft copies, and which Pitifcus could not 
porre^ but by carrying the. fines of tbefe degrees to twenty-two decimals, which had 
been calculated only to fifteen. 

This note is followed by the rqiort of Citiaens Lagrange, Laplace, and de Lambre, re« 
lpe£iing thefe tables^ in which we find Yarious interefting details on the conftru£tion of 
trigonometrical tables in general^ and the methods employed by one of the Commiflaries 
to verify thofe which were fubmitted to them. 

Bulletin di Science, No, 53, An 9; 
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t)b/ervations relative to tie Means of inereafmg the Quantities of Heat ebtdned in the Cm* 

buJHen of Fuel. By CoUNT RvUF9RD *. 

XT is a fa^ which has been )ong knowut that clays, and fcveral other incombuftible fuln 
ftances, when mixed with /ea coal, in certain proportions, caufe the coal to give out more 
heat in its combuftion, than it can be made to produce when it is burned pure or unmixed | 
but the caufe of this increafe of heat does not appear to have been yet inveitigated with that 
attention which fo extraordinary and important a circumftance feems to demand. 

Daily experience teaches us that all bodiesy— »thofe which are incombuftible,— as well a| 
tihofe which are combuftible, and a£lually burning, throw off in all direflions heat, or 
rather calorific (heat-makio^) rays, which generate heat wherever they are ftopped, or ab» 
forbed \ but common obfervation was hardly fufficient to (hew any perceptible difiefence 
between the quantities of calorific rays thrown off by different bodies, when heated to the 
fame temperature, or expofed in the fame fire^ although the quantities (b thrown otft m^hc 
be, and probably are, very difierent. 

It has lately been afceruined, that when the fides and back of an open chimney fire* 
place, in which coals are burned, are compofed of fire-bricks, and heated red«hot, thef 
throw off into the room incomparably more heat than all the coals that could poffiUy btf 
put into the grate, even fuppofiog them to bum with the greateft poifible degree of br^hl^ 

• Jawaal af the Royal Taftittitioii, p. 28. 
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tiefs. Hence it appears that ared-hot burning coal does not fend ofTnear fo ihany calorific 
rays as a piece of redhot brick or (lone^ of the fame form and dimenGons ; and this inte« 
refting difcoTcry will enable us to make very important improvements In the conftrti£tion of 
our fire-places, and alfo in the management of our fires. 

The fuel inftead of being employed to heat the room dlre^ly, or by the dire£t rays from 
the fire, (hould be fo difpofed, or placed, as to heat the back and fides of the grate ; whidi 
mufl: always be conftrufted of fire-brick, or fire- (tone, and never of iron^ or of anj tfther 
metal. Few coals, therefore, when properly placed, make a much better fir^ than a larger 
quantity ; and (hallow grates, when they are con{lru£ted of proper materialsi throw more 
heat into a roomi and with a much lefs confumption of fuel, than deep grates ; for a large 
mafs of coals in the grate arreds the rays which proceed from the back and fides of the 
grate> and prevents their coming into the room ; or, as fires are generally managed, it 
prevents the back and fides of the grate from ever being fufiiciendy heated to ailift much in 
heating the room, even thongh they be conftruded of good materials, and large quantities 
of coals be confumed in them. 

It is poflible, however, by a fimple contrivance, to make a good and an economical fire 
in almoft any grate, though it would always be advifable to con(lru£l fire-places on good 
principles, or to improve them by judicious alterations, rather than to depend on the ufe 
of additional inventions for corre£ting their defeats. 

To make a good fire in a bad grate, the bottom of the grate mufl: be firft covered with a 
fingle layer of balls, niade of good fire-bricks, or artificial fire«ftone, well burnt, each ball 
being perfe£tly globular, and about 2| or 2|^ inches in diameter. On this layer of balls the 
fire is to be kindled, and, in filling the grate, more balls are to be added with the coals 
that are laid on ; care mufl, however, be taken in this operation to mix the coals and the 
balls well together, otherwife, if a number of the balls (hould get together in a heap, they 
will cool, not being kept red hot by the combuftion of the furrounding fuel, and the fire 
^111 appear dull in that part; but if no more than a due proportion of the balls are ofedy 
and if they are properly mixed with the coals, they will all, except it be thofe perhaps at 
the bottom' of the grate, become red-hot, and the fire will not only be very beautiful, but 
it will fend off a vaft quantity of radiant heat into the room ; and will continue to give out 
heat fox a great length of time. It is the opinion of feveral perfons who have for a confi- 
derable^ time praAi(ed this method of making their fires, that more than one third of the 
fuel.ufually qonfumed n^ay \k (ayed by this fimple contrivance. It is very probable that, 
with careful and judicious management, the faving would amount to one half, or fifty 
^x cent. 

As thefe balls, made in moulds, and burnt in a kiln, would coft very little, and as a (et 
of them would- laft a long time, probably feveral years, the favhig of expence in heating- 
rooms by chimney fires with bad grates^ in this way, is obvious \ but ftill, it (hould be 
xemembered that a faving quite as great may be made by altering thegratCi and makuig it 
a good fire*£lace. 

la 
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-. la yfittg'tbcfe balk, care muft be taken to prevent their accumulating at tbc bottom' of 
the grate : as the coals go on to conrume, the balls mixed with them will naturxUy feitlf 
down towards the bottom of the grate> and the tongs muft be ufed occafionally to lift thcifi 
up ; and, as the fire grows low, it will be proper to remove a part of them, and no^ to 
replace them in the grate till more coals are introduced ; a little experience will {hew how 
Si iire made in this manner can be managed to the greateft advantage, and with the leaft 
trouble. 

• «. 
I 

Balls made of pieces of any kind of well bumf hard brick, though not equally durable 

With fire-brick, will anfwer very well, provided they be made perfofHy round; but if th^y 

are not quite globular their flat fides will get together, and by obftru£ting the free palTage 

of the air amongft them, and amongft the cpals, will prevent the fire from burning clear 

. and bright. 

The beft compofition for making thefe balls, when they are formed in moulds, and af- 
terwards dried and burnt in a kiln, is pounded crucibles mixed up with moiftened Stur« 
bridge clay; but good balls maybe made with any very hard burnt common bricks, reduoed 
- to a coarfe powder, and mixed with Sturbridge clay, or even with common clay. The 
balls ihould always be made fo large as not to pafs through between the front bars of a 

• . ., • 

Thefe balls have one advantage, which is peculiar to them, and which might perhaps 
recommend the ufe of them to the curious, even in fire-places conftni£led on the beft 
principles ; they caufe the cinders to be conTumed almoft intirely ; and .even the very afhea 
iiiay be burnt, or made to difappear, if care be taken to throw them repeatedly upon the 
fire whin it bums with an intenfe heat. It is not difficult to account for this tScGt }n a 
fatisfadory manner, and in accounting for it we (hall explain a circumftance on whkh ic 
is probable that the great increafe of the heat of an open fire, where thefe balls are iffedf 
may, in fome meafure, depend. The fmall particles'of coal, • and of cinder, which, in a 
common fire, fall through the bottom of the grate, and efcape combuftion, wh«n thefe 
balls are ufed can hardly fail to fall and lodge on fome of them ; and, as they are intenfely 
hot, thefe fmall bodies which alight upon them in their faU, are (oon heated red hot, and 
difpofed to take fire and burn ; and, as frefh air from below the grate is continually making 
its way upwards amongft the balls, every circumftance is highly favourable to the rapid and 
complete combuftion of thefe fmall inflammable bodies. But if thefe fmaU pieces of coal 
and cinder (hould, in their fall, happen to alight upon the metallic bars which form the 
bottom of the grate ; as thefe bars aure condu&ors of heat, and, on account of that circum- 
ftance, as well as of their fituation, below the fire, never can be made very hot, any" fmall 
|iarticlc of fuel that happens to come into contaft with them, not only cannot take fire^ 
but would ccafe to burn, (hould it arrive in a ftate of aftual combuftion. 

Thefe fafts are very important, and well deferving of the attentionof thofe who may 
deiirc advantage from the improvement of fire places^ and the coonomyof fuel 

Ssz Theft 



3 1 6 Mfthoi oftncyeafing th4 He4tt tff Firef,* 

Tl^sre flr^ fome circumfUnces which (trongly indicate that aa admii^tare of iacombudible 
bodies with fuejy and pfpqcially wi^i coal, ca^(e a^ increaie pf the beat, even when the 
fytl 18 burnt in a glofed ivre-placei No iire-pla<;e (;an well be contiiv^d more completely 
clofed than thofc of the iron ftoves in common ufe in the NetherlaiKU ;■ but in thefe ftovesy 
which are heated by coal fire^t a large proportion of wet clay i^ always coarfely mixed with 
ths coals before they are intrpdui^d into the fire-place. If this pra^ice had nott been found 
to be ufef ul it wquld certainly never have obtained generally i nor would it have been con-» 
tkiueid/ as it has been». for more than two hundred years. 

The Qombination of different fub{lances> cpmbuftible^ and incombuftibley to form, aiw 
tificiallyi various kinds of cheap a,nd pleafant fuel, particularly adapted for the difierent 
p^pcefles in which, the fuel is eroplpyed, is a fubje£l well worthy of th^ axteniion of enter* 
prizing and ingenious men. How much excellent fuel» for inftance, might be made with 
proper additions^ and proper, management, of the mountains of refuCe coal duft that lie 
ufeiefs at th^ mpuths of coal pits; and how much would it contribute to cleanlioefs and 
ticgoace if the ufe of in^proved cokci or of hard and light fireballs, could be generall]r 
in^oduced in our houfes apd kitchens, inftead. of. crude,^ blaGK» powderyr dirty, ieaxo^ 
Of the great economy that would reCult from fuch a change there cannot be the faalleft 

doubt. 

. . . ■ ' • 

It is a melancholy truthj but, at the fame time, a. mo(t undifputable fad, tha^ while 
tbe induftry and ingenuity o^ millions are empbyed, wit}^ unc^afiog ^(Ek^ity^ in inventing;! 
improving, and varying th<ife fuperfiuitiqs vvhich. wealth and luxury iptroduce into fociety^ 
Bo^attention whatever is paid to the improvement of thofe common neceflaries of life oa 
which the fubfiftencii of all^ and the comfqrtsand enjoyments of the great majority of maxw 
kind, abfolutely depend. 

. Much will be done for the benefit of fociety, if means aan be devifed to call the atten* 
^n of tj^e a^ve and benevolent' to this long negle£led, but mpft intereiUng, fubje£tf 

The SLoyal Inftitution feems to be well calculated to facilitate and expedite the accomt 
plithm^qt of this important objeft. Indeed it is morp th^n probable that this, precifely^ 
m the obje& which was principally bad ia view in the foundation and arrangement of thai 
cftabliihment. 

I ■ ■■ ■■■■»■ -.11 I ..i^ it w>iti ■ t » I ■! ^ ^ |. . r-'i ■ I M ' n ^ iw i» .iif n in^ , f mm arm0tffm^»»mm^m t j i — .Ti»ynp.|y.»— ^ 
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SCIENTIFIC NEtVSy ACCOUNTS OF BOOKS, S(c. 

Diftafes of horned CaitU and Sieifp* 



. P. Whyte^ Efq. of Worceftcr, has drawn the outline of a plan for afcertaining 
and defining the different difeafes of horned cattle and flieep, their caufes, and meaqs of 
[prevention or cure. He intends to publiih a profpeAus fpeedily; but in the mean time his 
outline, which is of fome length, appears in that ufeful work ^* the Annals of Agriculture'* 
The prefent propofals are as follow : 

4 J' That 
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T. That t tour fhall be made tt differenl rimes through all thrprincipal grazing (I?ftri£ls 
in that part of Great Britain called England^ fimilar to tbofe of Arthur Young, EPq. or 
Mr. Marfhal], the writer of the valuable rolumes t>n the Rural Economy of the different 
Counties, for the purpofe of afcenaining and defining the diiierent difeafes incident to 
homed cattle and iheep, the yarious caufes whence they arxle, and che means of preventing 
and renoedying them. 

2. That every particular difeafe (fo far at lead as fuch tour (hall afford opportunity) (half 

« 

undergo a fcientific and full inveftigation, with a view to the different ends propt>fed. 

3* That mmutes bf every material occurrence and tranfa£lion relative to the objefts in 
view fliall be regularly taken and preferved, with a view to future publication ; in particulars' 
that thele (hall record the nature of ptrticd^ difeafes, the diftxidU where they are moft - 
prevalent, the real, apparent} or probable caufes of them, the provincial opinions on the ' 
fubje£l, the fymptom^of fuch difeafes, the means which have been hitherto employed wttb ' 
intent to remedy them} the fuccefs or otherwife of fuch means, the morbid anatomical apr 
pearancet after death, the certain or probable means of prevention, &c. 

4. That the refult of the whole fliall be publUhedin o£bivo volumes, either in di(Un£i ^ 
parts once in every fix or twelve monthS} or, arranged in fyftematical form, at the cofi-^ 
clufion of the tour, as may be thought advi(able by the .Secretary to the Board and the 
Author^ upon fuch terms as (hall fumilh them to the fubfcribers at a moderate expence. 

5* That the Board (hall afibrd their fanAion to the undertaking by a letter of recom- 
nendation from the Prefideat; which the Tourid fliall be at liberty to carry with hiniy 
and'fliow occafionally*; 

tf. That the expence of the nndertalung and the veoMiseration to the Touriff fliall be* 
borne and defrayed by » public fubfcription and the money to arife from pid)}ication of th^ 
minutes. 

7. That fttbferiptions IbaUbe received (probably) by Arthur Young, Efq. F. R. S. Se-^ 
cretary to the Board. 

&. That the Royal FamBy attd^Nebaity<if this ■ king tfa m , Foreign Potentates and NobW 
lity, and Public Bodies and Societies eftaUifiied by royal« charter^ be invited to fubfcribe at 
pleafure. 

9. That the Gentry, Land Owncrf>. Breeders, 'Graziers^ atid- all* others* tMi become- - 
fubfcribers upon the payment oS. to the Receiver. 

10. That a fufficient number of copies of the minutes (hail be handfomely printed on K' 
fuperfine royal quarto paper, and bet prefied,. and dclivefed jro/tf to all fubfcribers of any . 
<um> being five guineas, more thaa tbrondtnavy Tub&riptioa. 

I f. That fo foon a» poundi axe&ibicribcds tbe Tourift will proceed in the 

undertaking^ 

0^ 
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• 1 ■ • I ■ 

On the New Jlcali called Pneum of Dr. Hahtteman, 
Meflrs. KUpretb, Karftein, and Hermftadt having publifhed in the. Literary Gazette of 
JenU) that the refult of their examination of Mr. Hahneman's new alcali was, that it is 
merely the acid of borax fuperfaturated with foda, that is to common borax. The Doctor 
{>ubli(bed his anfwer addrefled to thofe chemiftsy as follows : 

^' I may be deceived, but I am not capable of deceiving. I was at work upon crude 

■ 

l)orax; pot-afh dropped into a folution not yet difpofed to cryftallize^ afforded an abundant 
precipitate in the form of powder, fiut as authors aiTure us that borax becomes uncryftal* 
lizable hj the addition of alcali, it is not furprizing that I (hould have confidered this pre- 
cipitate as a new and particular fubftance. The re-agents alfo (hewed phenomena different 

r 

from thofe prefcnted by common borax. But in order to clear it as I thought from all 
adherent boraXi I faturated it exadlly with acetous acid, and mixed the concentrated ley 
iivith equal parts of fpirit of wine. After the feparation of what remained infoluble, I 
fuppofed myfelf to be in poiTeffion of the alcaline part, combined with the acetous acid 
diflblved in the fpirit of wine, and I feparated this acid by adding one of the three alcalies. 
The fait dhus precipitated and waihed, appeared to me to poflefs a fufiicient numbei' of 
properties different from thofe' of common borax, to be confidered as a peculiar alcali. The 
general notion of chemifts of an unfaturated excefs of alcali in borax led me into error J 
for how could this excefs exift in my borax of foda, fince the mineral acids added to my 
borax to drynefs efcaped by heat ? How could the excefs of foda exift in my borax in a 
cauftic ftatef This. excefs either is not foda, or it is not a real excefs, it is adopted by 
chemifts without foundation. This laft is in fa£l the cafe. The acid of borax neutralize* 
the foda in fuch a manner, and eltends its neutralizing power in fuch a manner on the 
{Kirt which has hitherto appeared to us to -be in excefs, that the carbonic acid and the: 
mineral acids fcarcely enter into any intimate combination with this excefs.'' 

- V . - - . . Journal de Phjfijue^ Meffidor An. 9, 



FalEls and Difco^feries refpe6fing Galvanifm* 

In a letter from Berlin inferted in the Magazine Encydopedique L 'i8or« pagl' 11O9 
dated April laft, feveral experiments are related by Helvige, a Swedifli major, Bourj^ety 
pTofeffor of chemiftry, Hermann, profeflbr of natural philofophy, and Dr. Grapengiefler. 
Tbefe philofophers repeated the experiments made by Volta, together with thofe which 
we added in this country. Their pile confifted of gold^ and zinc with cloth odoiftened 
with fait water. Other metals w^re ufcdj .namely, filver and copper, inftead of the goldy 
without affording any determinate ground for preference, as it appeared to thefe opieiririors* 
They found that the galvanic fpark is obtained with much greater facility, when one'bf the 
two conduifiors terminates in very fine pointed iron wire^ and the other in a Ib^ob or 
button. This difcovery prefcnted itfelf when the gold leaf of the electrometer of Bennet 

• was 
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was made part of t\\t circuit ; and fince making that obfenration they conftantly armed the 
extremities of theit conduflors with gold leaf; by which menns they obtained with eafc a 
ftrong fpark, and ufed the fame method with the greateft fuccefs in fctting fire to phof- 
pboruSf fubllmed fulphur, fulminating gas» and gunpowder, the latter of which is -not 
eafily fired by the ele£tric fluid. It was remarked, that in thofe experiments the portion 
of gold leaf which covered the extremity of the conduQors, was itfelf fufed and reduced 
into a giobule more or lefs perfe£l| according to the force of the fpark* 

They repeated my experiment with the condenfer, and found agreeably to what I had' 
obferved, that the filver is in the negative ftatCi and the zinc pofitive. By the intcrven* 
lion of the condcnfer they charged a jar, but could not obtain the flighteft gaWanic com** 
motion. But by means of two condenfers (by the procefs of doubling I fuppofe) they re- 
peated upon the Eledirophore the experiment of producing the figures of Lichtenberg, with 
the fame varieties and forms which would have been produced by the ete£lric fluid. 

Dr. Grapengeifler has applied the galvanic energy in the courfe of medical pira^iice,. and 
obferves, that the fimilitude of this a£lion with that of the elefbric.fluid cannot be miftaken; 
but thefe philofophers think, that a great diflimilitude, or variation in thefe two powers^ 
was indicated by an experiment they made of infulating the whole apparatus* together with 
the tube in which the procefs of decompofing water was goiilg forward. In this fituation 
they ele£lrified the whole apparatus by the common machine, and obtained very confide* 
Table fparks, without producing any change in the phenomena between the wires in the 
tube. Hence they think that thofe powers may be imagined .to he independent of each 
other. Like many philofophers in this country, as well as elfewhere, they are difpofed to 
think that the galvanic power depends upon the tranfition of oxigen ; but it may be oh^ 
ferved, that there are many unequivocal fadis, which feem to prove that the common elec-* 
tricity alfo is never excited, but by the condenfation or developement of the fame principle^ 



€ahamc Fla/B: 

Mr. Cruickfiiank has favoured me with the remark* that a midake appears In the ufe of 
the words zinc-face and filver face, at page 240 of our Journal for September, where aa 
account is given of the luminous figns of galvanifm correfponding with the two ele£^rici- 
ties.^ I here relate the ob}e£b in his own words r the brujh or Jiajb aln^stys appiats^ at the 
** extremity of the wirCf which ifimmerfed in water would difengage hidrogen^ or what has heah 
•* generally called thejtlver wire, whereas the z/V/r, or oxigen wire^ exhibit only a faint lundnoits 
^^ point.^* And as he perfeAly agrees in the remarks made at the page iaii quoted, re- 
ipe£ting the plus and minus ele£tricities, he is difpofed to fufpe£^, that there may be fome 
miftake in the original experiments, which were made to afcertain the ftate as to plus and: 
minus of the extremities of the pile. I will repeat thofe experiments, in order that ihz 
fa£ts may clear up this matter, and (hew whether there be any (Iriking diflerence between 
the galvanic and ele£lric lightSt 
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PfftB rf Galwim/m in a Cafe of Faralyfis of thi Mufcles of tl^e Left Side of the Face. 

By CnizEv Halle *• 

' A man whofe mufcles of the left fide of tlie face, and the interior mufcles- of the globe 
of the eye on the fame fide were paralyfed in confcquence of a cold, had been ele£lrified 
feveral times. He experienced ho fenfation nor contraAion when the affe£led part re- 
ceived the fparky and there was fcarcely the flighted contraction in the zygomaticus major 
when the ele£lric (hock was applied. This man was TubjeCted to the galvanic aAion of a 
pile of fifty fettSj by forming a communication between the different points of the difeafed 
iide of the face, and the two extremities of the pile by means of metallic excitators. 

At the moment of contaft all the mufcles of the face became contracted* The patient 
felt pain with a very difagreeable fenfation of heat, the eye became convulfed, tears flowed 
involuntarily, and rednefs with fwelling was perceived on the difierent parts which were 
touched. 

Thefe experiments, which appear to afford fome means of comparing the eflFefts of gal- 
vanifm with ele£tricity, were repeated feveral fuccef&ve days at the fchool of medicine, 
and on the 26th of Frarial Citizen Halle gave an account of the fame to the National In- 
Ititute. He pbfejve:d, ^hat the mufcles remained contrn£);ed for fome minutes after the 
galvanic commotioni and. that \ht left eye even followed the motion of the right. 

In this appfication. of.galvanifm to the human body, Citizen Halle obferved fome very 
fingular anomalies. The pile was often very long before it communicated its tScfk ; fome- 
times it ceafed to produce any eiTe^ for feveral feconds together. In both thefe cafes it 
feemed as if the fluid met fome obftacle in its courfe. For in thefe circum.ftances it tiraA 
neceffary to moiflen the fkin, to rub it, and to change, the relative poCtion of the rings, in 
order to make the communication. In general it m^s obferted, that in ordet that' the fell- 
fation fliould be fpeedy, it was not enough that the^&in (hould be wetted9 but that it muft _ . 
be, as it were, foaked and foftened with the water. . He himfelf, as well as feveral other 
perfons, made trial of the fenfation which the- gadv^siifm produces. It refembles in fome - 
refpe£ts that of the a£lion of feveral needles forced at the fame time into the ikin. It is a 
pungent pain, accompanied with a fenfe of heat and a flig^ fnetallic taftc, when tHe ex* 
citers were applied near the falivary glands. " ■ ^ : !*^^Sii 

• Commumcated to the National Inftitute of France, aad iniivted la tie BiAatift dcs^doKH^ KorS^I .^f^;^ 
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ARTICLE I. 

Ohjirvatmi oh the BafakU Cufi <jf Ireland* In a Letter from Wu. RlCHARDSOV^ D* J>^ 
to the Honourable Geo. KMOt$ M. P* Communicated by Mr. Knon. 

DEAR SIR, 



w, 



HEN you left Portrufli in Auguft laft, you lamented that you could not tccompany 
me on two expeditions I was then preparing fori one to explore our coaft in fearch of the 
Whynn Dykes (we call them Gaws) which ifluing from it at right angles proceed nearly 
due northward, and crofs moft of the Hebrides^ cutting through all fubftances indifierently. 

I found four at Bengore Head, in addition to tlie two at the Giant's Caufeway we 
examined together^ and whofe internal prifmatic cbnftruAion, and other circumftanceA 
aftoniflied you fo much; I found alfo four at FairheaDi making ten in all, every one of 
which that I could get accefs to, differed in fome material points from all the others. 

Mr. Mills (Phil. Tranf. 1 790,) mentions fevcralof thefe Whynn Dykes he met with 
in the Scotch iflands, but he does not feem to have ezan^ined them witK attention, or no* 
ticed their differences, if they really differ from each other as ours do. 

As foon as r am able to explore the coaft flrom Dut^scuRicH toBALLiNTAY, where 
poffibly I may find more, I will (according to my promife) give you an accurate account 

Vol. V.~D£cemb£R 1801. T t of 



It lias of late been much the fafhion to prefer $taffa to any thing ouir bsifiUtiQ C(k 



3^2 Ohfervatkns on ihi BafaltU Coafl of Ireland, 

of thcfc wonderful walls, which feem to me utterly irreconcUeable ta any of the tEeorie^ 
nnrciftcaijy coBuoguim B* "-■ - -....- . . _ x 

In this Letter I will confine myfelf to the mighty promontory of Facrhead^ which 
forms the north-eaft point of our ifland, and a line drawn from it to Cape Clear in Kerry 
meafures its greateft dimenfion. A 

Before I proceed to particulars, I mud dwell a little on its magnificence^ both beciufe 
you yourfelf, when admiring f^m th^i^ater d|e vaft^ Ifafaltk precipices of Benoore, (370 
feet high) feemed to dbia)t mlr^'whenl tol^ you chat at Fairh^ad they were far more 
fiupendous; and alfo becaufe Mr. Pennant ^aiTcrts, that the bafaltic pillars at Staff A 
for exceed the Ir'ijh m grandeur* 

bafiUtiQ cQaft 

In point of grandeur,^ menfuration affords a good teftt'and fortunately we have the heights 
of the pillars and precipices at Staffa accurately taken by Sir Jofeph Banks^ and I make 
myfelf anfwerable for the meafures I (late at Fairhead. 

In Sta& the longeft pillar or Sfeitfie 4f pjUars is'Sf itdin and the higheft point of the 
precipice and ifland 126 , (ihlb lalt allertion is from recolleflion) whereas at Fairhead the 
height of the face of the columnar precipice^ that is, the height of each pillar in a range 
of near an Engliih mile, varies only froni 25^ to 250 feet, and from the angle (fee view of 
Faifhead taken at four miles diftance W.* S. W.) to the level of the fea, the perpendicular 
height of the precipitous declivity is at leaft 300 fcet^ making together the height of the 
promontory 550 feet. .'. ' • f. 

After comparing thefe meafures, it is mortifying to obferve the animation with whick 
^ }efe{Ai Banks deferibes'themagnifiienfce of Staffa, *while Fairhead remains tinnotr^ed. 

I apprehend it is by for the moftfuperb ^lonadb of bafaftia pillars yet difeovered, though 
Mr. Kir WAN, on the authority of Mr. Charpentier fays, the pillars at S70ZiBg&«9e 300 
feet high, but the Encyclopedic tells us, thefe fame pillars at Stolps are but 17 or i8> 
and Gentlemen (particularly, my friend Archdeacon Lovel) who have vifited JStoJLQB> 
^ure me tliat the latter dimenjiiohs feem to them the trueopes« 

. The va(( perpendicular precipice which, lipcs the upper part of fairhead promontory, U 
twice cut into by very acute angles*; the wcfternmoft of thefe is as it were bife£^ed by a 
mighty wall^ compofed of pillars near 1 50 feet long each, while the eaftemmoft affords a 
path by which I defcended to the bafes of the pillars \ as I flood at the opening of this angle 
the fcene about me was the mbft fkupendous I ever beheld; on my right and left hand 
enormous watlsreachingalmoll to. the iky^ intirely columnar, the diameter of each pillar 
exceeding two feet, but quite. oujt of prqpprtion to their enormous height. 

The view below me was terrific, for 1 ftood on the top of a fecond ftratum of perpen* 
dicular pillars, probably 80 feet long each, with the declivity from the. bottom of thefe 

pillars Co the f<^ fteep and prepipitotu^ not qiiicb left tjxan 300 jEpeu 

^" The 



i > 



The Tiews from the fummit of tKi» promontory art higKly grafifyuig to tkofe who de- 
Iif;ht m the foblime, but^it is by coaiilng its.bafe alone tliat the natofmllfk wiU ^Fbtaiii eiib 
tertainment or Information; this howeirerisan expedltmi of diftettlty«tid micertntiit^ 
frote the rapidity of the tide tbjrt mn^ etofe to this headland, and the Tiolent fbrf wl^ich 
generally beats- agttoft* rts bafe^ t^ice I reached the north-weft point of this formidabte 
head without daring to proceed* the third time I was niore fortunate, and amply repaid 
for my perfererance. - - •*• " 

While at Fairhead nature items to hare exerted her utmoft powers in difpiaying a magu 
iiiiicence unriralled any where dfei at the fame time (he appears in the oonftni£tion of this 
promontory to bave-atlopted difterent principles from thofe fhe has hitherto been govemet 
by in* the formation of the reft of our bafaltic country, 

I had always obfervrd that our ftrata were in the fame place, bU fteadily parallel t^eack 
CFfher, and I (hewed you that this rule obtained in all the pireeipices we rowed along tbge- 
thdr } but at FaJrbead the cafe is difierenti for there the columnar ftratft are iacliaed x» 
ieath «cllier in a tonfidehibie atigte. ' 

I alfo (hewed you, that in every (eparate ftratum the material was tiniform through its 
^hole extent, the principle of conftru£tion> and the degree of perfe£tion with which it was 
«ccuted, die fame. 

At Fairhead on the contrary, the material is fehfibly changed, in paffing from the weft 
to the eaft fide* the perfection in the workmanifaip of the pillars confiderably abated, and 11 
new principle of internal conftrtiClion introduced* 

A moft extraordinary circunrftance aKb occurs here, which I have not met with in any 
other of the columnar groups with which our bafaltic country abounds, nor do I find any 
khing (imitar mentbned lyy the writers on thefefiri)je£ks. 

In viewing Fairhead from any dtftanccv many of it» pHlars appear to be ol a moft enor- 
nifous fize, but upon a near approacbthofe giganfie eohmMi^ from tea to twenty feet dia- 
meter, are found to be formed by an* accumulation of the fmaUer oiies (from two to three 
feet) which compofe the pron^ontory^ and adhere together with fuch force, that when the 
tnighty pilhr tumbles down (as fometimes happens)^ it breaks in pieces by the violence of a 
fall 250 feet perpendicular, without feparatfaig-from each other, t^ fmaller pillars- of 
which it is compofed. 

The fteep declivity is covered quite down to the water edge with enormous fragments, 
^f fnUhi of thefe pillars, they are always cylindrical , and to look at their fides they re* 
fetiible Sm' aflfeihblage of great beamdr of timber confolidated together, wMIe their bates 
(getiex^Uy phmes, and at right angles with their axes^) exhibit a teftelated pavement, exaAly 
like' the {\irface of the Giant's Caufeway, but the polygons ^re fomewhat larger, and ap- 
proach more to equihteral figures* " * 

Sometimes thefe fmaller pillars are ctmtimied' quitid up to the top, of their original 'fise, 
at other times when half way up they merge iifto, anJ forth greater ptlhrs, whiebare 
sontinued to the fummitv tct odier timdssg^xn'they merge into the foHd rock^ 



' It alfo fte<|uem}y happens that thci low^r half pf columnss: both great and fmall, has 
Yailen do^> tearing the upper h^lf -appareoUy unfupporticd,. y4:t firm in its place i thislaft 
ctrtUtnttance^'f^ow^^ri is conmiiDA in aU o|ir iiaC^tic precipices*,; 

' Tbk i^lfi^etrfioft <if the upper parts of piliarSf and (till mojpc , the adhefion of their fidest 
ivhich I have juft now (hewn toibe fo ftrong as not to yield to the (hock of a mighty fall» 
proVe^ that at leaft in this place there are no ioteryals between the pillars. 

From Analogy I have long fufpeAed this to be the cafe, every variety of our bafalt Is of 
prifmatic cohfttuAion» and in 41//9 the prifms adhere fo clofely together as to be feparable 
by the cit>w or Hedge alone, the ooliumiar is the qnljr one that has intervals between its 
prifms, and thefe I have little doubt proceed from external caufesi but it is impoflible to 
penetrate fo far into a range of pillars as to bring the point to certainty i it is by catching at 

r 

Accidental circumftanoes that we are enabled to throw any light upon it. 

As I coafted along the foot of the promontory, the magnificence of the fcene above me 
}}a(Hed all defcription, the mighty wall which (Iruck me fo forcibly yf\icn on the top of the 
cliff, was now an in(ignificant objeA, and the angle through which I had defcended to the 
foot of the precipice', was dimini(hed almoft to nothing* 

A little to the eaftward of this angle (called the Grey Man^s Bath} we came oppolite to 
the place where a confidcrablc part of ilie precipice had fallen down about 25 years. ago; 
its length feemed to be near a furlong, and ^s ^^pth into the face of the rock mu(t have 
exceeded 150 feet ; the materials of this immenfe mafs are fcattered iu vaft fragments piled 
upon one another from the foot of the perpendicular prccipice> quite down to the water 
edge, fbrming by their accumulations a wild variety of qtverns, arches, and paflages be- 
neath the ruins. 

* * ■ • 

The face of rocks which is now Said bare, and which, before the difruption was far io 
the interior, is by no means fo columnar as the reft of the furface ; fometimes the vaft 
pillars alone are TifiUe, fometimes the rocks feem qpi^e plain, and in one place the lines 
feparating three or four pillars aftcft afcendiog aboMt 150 feet, faintly marked, make a 
flight cunre for a few feet, and then merge in the folid rock. 

* All this looks as if the columnar conftru^ion did not reach far into the interior of our 

• ■ # ■ 

precipices ; but exclulive of the unfairQe(s of drawing a general conduGon from this foli- 
tary inftance, I muft admit I could not get fo near the bafe of the perpendiculai: face, as 
to make any accurate obfervations ; befides, the material feems to undergo a confiderable 
change in the paflage from the weft to 4ke eaft fide of Fairhcad, to have aflkmed a darker 
cblour, and from many of the fragments looks as if compofed of fia^all trapezoidal prifins, 
like the Gaw, or Whynn Dyke we examined together at Fqrt 3P:AGNf. Bbnqore, the 
internal conftrudion of whofe ma(Bve horizontal prifms was difclofed to us by the nervous 
arm, and weighty fledge of your friend Mr, Crampton, without whbie powerful afliftance 
we ourfelves would in vain have attempte;d to difcover it. 

I have not met with any writer who notices this curious circumftance attending many of 
our bafalts, to wit, thatjexdufive of their external prifmatic form, thqr have» 9b it were, a 
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fubordinate internal principle of conftrufiion, the great prifms breaking into fmaller ;^co- 
lomqar bafalt has rarely this property, I hare found it only in the pillars I (hewed you at 
Bailylagan) and at the eaift fide of F^f head, hot all the gaws pff dykes (ccm to. be con- 
ftru£led upon this principle, a^d the twtf ftrata which akemate foTJpE«|i)ttC^tly at Portnifli 
po0efs the fame property in an high degree, and one of diefe you i^od your, friend Mr, 
Chenevix have proved by analyfing it, that it is pure bafalt. , 

To return to Fairhead, immediately below the Grey Man's Bath> a new ftratnm of co- 
lumnar bafalt begins to appear, and contrary to what I have obCerred every where iplfesj not 
parallel to the one above it (which feems nearly horizontal) but dipping to the foHth*eiift> 
of courfe as we advance in this diredipn thefe ftrata diverge from each otber^ ^d,the in- 
creafing fpace between them is fitted up with new mateiials^ te wi|> . alternate ftrata pf 
free (tone and coal. 

Thefe ftrata are all parallel to the lower columnar (faatuni ; the one immediately reftiug 
upon it is coal, this is the vein that was laft wrought at Murtogh, and tifae adit to the 
mine runs in along the heads of the bafalt pillars* 

On tracing thefe alternate ftraca in a weftern direfiion, they are found to termixiate fuo- 
ceiEvely againft the bafes of the upper columnar ftratum, ahrays making with it an angle 
equal to that of the inclination of the two great ftrata* 

Here we have probably the ftrongeft inftances that have yet occurred any where of the 
contacts of coal with columnar bafalt, for while the loweft ftratum of coal refts with its 
whole furface on the heads of bafalt pillars, every ftratum of coal above k comes by regu- 
lar fucce(&on into conta£l with the bafes of the pillars of the uppev columnar Ibratum* I 
muft confefs I did not examine thefe contacts, the acclivity was fo fteep^ and (b fticwed 
with enormous mafles of rock as to be inaceeflible at leaft to me. 

You muft obferve that the ftrata at Fai&head totally difier both in materials and ar- 
rangement, from the ftrata coilipofing B£kgor£ H^ad, which we counted together^ and 
found to be 16 in number; in truth no two of our vaft precipices^ whether hanging over 
the fea, or in the interior of the country, perfeftiy {ot . I osay iay nearly) re&niblc each 
other in thefe circumftances. 

' This variety in the ftratification of our bafalt country^ muft be a fubje£l of much curio- 
Cty, particularly' to geologiftsi and was no doubt cobfidered as fuch by Mr^r Whitehurst 
and Mills, when they promifediri their title pages aa account of our ftrata> yet in the 
body of their works forgot the topic. 

If you can find leifure for another excurfion fo bt north next fummeri our Urata will 
afford us an ample fund of entertainment, both in trying the theories of cofaiogonifts by 
theteftof thefe ftrata, and in conjecturing from their interruptions and othec.ciscum- 
ftaaces, what changes bur globe has undergone fince its creation. 

' '' I to,' Sir, 

Tour very humble Senrast* ., ^ 

WILLfAAt RICHARDSON, D. D. 

(?/<w/if i^ tioiije^ MoV, Ofl^. il, iBot .- ' itf/# PiOrui 4 Trimtf ColUge^ DMin. 

^ ObfcrvatiottS' 
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JlT 18 of great importance in the aecvrate fcknces to pay attention to all the circnmftancet 
upon which obferyatione can be fcwnded. If this pare of natural phifofophy werecnhi- 
Tated'wtth the care k 4rfer?e«9 there ift no doobt bot we fiioold be much mbre fatttmately 
acquainted with 'the influence of tneteon on the health of men, which it fo eridently 
af!ed8. Thofe fogs which are almoft periodically renewed, prefent to the minifters of 
health -an -extenfive field of obfervation, from which it ihould appear, that the mod ufeful 
confeqaences refpe£ting the origin of difeafes may be deduced. 

The odd which forois the fubjed): of the prefent communication was fo peculiar in its 
appearance and eSefls, that I have concluded that it might be of adtantage to give a de- 
tailed account of the iame* 

On the morning of the nth Nirofe Reaumur^s thermometer had defcended to i^i^ 
below O, where it remained for moft part of the day, with no greater variatioa than i a 
degree. At feren in the evening it was conftaot at the fame temperature, and the follow* 
ing day at feren in the morning it had f ifen two degrees above the freezing point, and at 
eleven d'eiock the thaw had unequivocally taken place at the temperature of 5 degrees. 
Attwoith the eveittiig the thermometer marked 6^ degrees, the thaw continuing ; abovt 
five in the evening a flight mift appeared, which continued till half paft feven $ at eight it 
was ihtirely dif&pated, and die moon (hone bright, at which time the thermometer de« 
fcended again Within fdiir degrees of the freezing point ; at nine its elevation did not exceed 
one degree, wheti the fnow began to harden. On the 1 3th at feven in the morning the 
thermometer ftood at feven degrees above O ; at nine, eight degrees, and at noon it rofe ta 
the nmth degree, and the fun which appeared from time to time in the courfe of the day 
had conGderable force. The thermometer kept at the fame elcntiony and the thaw con* 
tinned its ptogrefs at eight in the evening. 

On the I4tk day of the month the horizon was covered with a mift of tnconfiderabk 
deafity. * It appeared like an evaporation from the earth arifing about a metre above tha 
furface. At nine it rofe to the height of feveral metres without becoming teia denle ; ai 
eleven: it became more confideiable; and at noon it viras fo thick that two peir(bns at a very 
fmail diftsince afunder could not fee each other without much difficulty. At three in tha 
evening its denfity was ftill greater, and its fmell fo fetid as ftrongly to impede refpitatioo. 
The thermometer during this time underwent no greater change than half a degrecr not 
palfing beyond the ninth degree. The fmell and acrid effects of thi$ meteor were fo dif* 

• ) Aonales d« Chimic, XXXIII. 217 i 
v . agreeable. 



qgneaBfey that Tdioisglit for a time that this property was communicated by the vapours of 
dK Iritinninous combuftibk which is ufed in* tfais' country, and I did not give up my opi- 
nion till I had found myfelf as ftrongly affeded with it in the open country as in the tov^a-^ 
My eyes were irritated A^as to flow with^ invoiunury tears. I returned hpme- after expo* 
jieiiciiig the greatcll difficulties^ and obfenrlag^ that the fbg in the ftreets was much movr 
devated than in the open eouatry^ I obferved, as Citiaen Fourcroy did on a former occa* 
fion at Parisy. that it was more eafy to find the way in the narrow ftreets, than in fuch as^ 
were wider, in the former of which the fog defcended with much left rapiditf. 
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TTHERTO I have endeavoured to (hew die inconveniences attending other (uppofitionsw 
and to remove the objections to the opinion of an internal diange of the figure of the lens^ 
I (haD how ftate two experiments, which, in the firft place, come very near to a mathema* 
tical demonftration of the exiftence of fuch a change, and, in the fecond,, explain in- great 
meafore its origin, and the manner in which it is efiedled. 

I have already defcrlbed the appearance of the imperfeft image of a minute pofnt at difierenb 
diftances from the eye,, in a ftate of relaxation^ For the prefent purpofe, I will only re«. 
peat, that if the point is beyond the furtheft focal diftance of the eye, it afltimes that 
appearance which is generally defcribed by the name of a ftary the central part being con«^ 
fiderably the brighteft« (Plate XV. Fig. 36—39.) But, when the focal diftance of the eye 
is fhortened, the imperfe£l image is of courfcxcnlarged; and, befides the neceflary confe* 
quence, the light is alfo very differently diftributed ; the central part beomes faint, and the 
margin ftrongly illuminated, fo as to have almoft the appearance of an oval ring* (Fig. 4i«)» 
If I apply the Aider of the optometer,^ the fliadows of the flits, while the eye is relaxed, arr 
perfectly ftraight, dividing the oval either way into parallel fegments : (Fig. 42, 44. } but^ 
when the accomodation takes place, they immediately become curved, and the more fo the 
further they are from the centre of the image, to which their concavity is dfreded* 
(Fig. 43, 45.) If the point be brought much within the focal diftance, the change of the 
eye will increafe the illumination of' the centre, at the expenfe of the margin. The fame 
appearances are equally obfervable, when the efieft of the cornea is removed by immer«^ 
fion in water ; and the only imaginable way of accounting for the diverfity, is to fuppofi^ 
the central parts of the lens to acquire a greater degree of curvature than the. marginal parts^ 
If the re/raAion of the lens remained the fame, it is abfolutely impoflible that any change 
of the diftance of the retina Ihould produce % curvature in thOfe ibadows> which> in the 
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virhiwJ ftaMg:pf-t|ie qiy, arclooiid tQ be in lU pn^ftns^; t{^ tlu^ nAiiitt &t^ S/gm 

^inov thf «libtiffe.fitiiation o£ die cornea is Goncenie4 ^PffC*n £r^ die ippl iqitiion of wiier 

. abeadt mendMed. 

. ?Tbettuthoft]ii$explanadonUfullf confinnedbytheoptoiwter^ When I look ihvQi^ 
/four rui^w flits, without ezerdon, the lines always appear to nieet in one point: b^ 

. '%lien I make the interlic&ion approadi met the two outer lipes meet ^onfiderabfy befajij 
the inner onesj and the two lines of the fame fide cro(s each other «t a^iU greater fiftaaee. 

; (Plate XV, Fig. 24.) 

The experiment will not fucceed with every eye i. opr can it be ezpe^fted diat fodi an 
tmperfcQton (hould be uniYerfal : but one cafe is fuflEicient to-^ftablilh the aignaient» eten 
if 00 other were found. I do not however doubt, that in thofe who have a large pnpilt 
the aberration may be very frequently obfervable. In Dr. Wollafton's eye, the diverfity^ of 
appearance is imperceptible i but Mr. Konig defcribed the interfe£Uon eza£Uy as they ap- 
pear to mct although he had received no hint of what I had obferved. The lateral refirac- 
tion is the mod eafily afcertainedy by fubftitutiog for the flits a tapering piece of card, fo 
as to cover all the central parts of the pupil, and thus determining the neareft croffii^ of 
the Shadows tranfmitted through the marginal parts only. When the furtheft interfefiaon 
W9S at 38, I could bring it to 22 parts with two narrow flits i but with the tapered card' only 
to.a^. . From thefe data we may determine pretty nearly, into what form the lens nutft Jbe 
"changed, fuppoGng both the furfaces to undergo proportional alterations of cnrvatttre, and 
taking. for granted the dimcnGons already laid down: for, from the lateral aberration-thua 
given, we may find (by Prop. III.) the fubtangents at about one-tenth of an inch from 
the axis; and the radius of curvature at each vertex, is already determined to be about 21 
and 15 hundredths of an inch. Hence the anterior furface muft be a portion of a hyper* 
bo^oid, of which the greater aw is about 50; and the pofterior furface will be nei^ly 

. parabolical. In this manner the change will be eflfe£ked, without any diminudon of the 
tranfverfe diameter of the lens. The elpogation of its axis will not exceed the fiftieth of an 

^ inch; and, on the fuppofition with which we fet out, the protrufion will be chiefly at the 
pofterior vertex. The form of the lens thus will be nearly that of Plate XV. P^. a6 } tiie 
relaxed ftatc being nearly ^s reprefcnted in Fig. 25. Should, however, the. rigidity of fhe 
internal parts^.oif .^y Othpr ^nCdcrations, render it cpnvenient to fuppofe the anterior 
furface more changed^ it would ftill have rooos, without interfering with the uvea i or it 
might even force xhe uvea a little forwards, without any vifible alteration of the external 
appearance of, the eye. 
^ . From this inveftigation of the change of the figure of the lens^ it appears that the action 
wjuch I formerly attributed to the external coats, cannot afford an explanation of the gtie* 
nomenon. The neceflary effe£l of fuch an a£iion would be, to produce a figare approach- 

.ing to that of an oblate fpheroidj and, to fay nothing of the inconvcqience attendpiga 
diminution of the diameter of the lens, the lateral refradion would be much moreinqrcfiled 
than .the central; nor would the flight change of denfity, at an e<iua][ diftance from the 

axis. 
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axis, be at al! equivalent to the increalfe of cunrature : we muft tTierefore fappofe fiMne 
SitTttent mode of adion in the pchter' producing the change. Now, whether 4^clM Ae 
lens a tnufclc or hot^ it feems ilemonitrable, diat fuch a change of figure taM place it can 
be produced by no external caufe ; and we may at leaft illuftrate it by a compafifen' with 
die ufual a£lion of mufcaiar fibres. A mufcle never contra£ls» without at the faiiie time- 
fweiling laterally,- and it is of no confequence which of the efieds we confider as prieiary. 
I was induced,' by an occafional opacity, to ipve the name of membranous tendons to the 
radiations from the centre of the Ibns s but, on a more accurate examination, nothing 
really analogous to tendon can be difcovered. And, if it were fuppofed that the parts neat 
the axis were throughoiit of a tendinous, and therefore undiangeable nature, the contrac* 
tion muft be principally eScAed by the lateral parts of the fibres s fo that the coats would 
become thicker towards the margin, by their contraction, while the general alteration of 
form would require them to be thinner; and there would be a contrariety in the aQions of 
die Tarious parts. But, if we compare the central parts of each (urfiice to- the belly of the 
mufcle, there is no difiicuhy in conceiving their thicknefs to be immediately 9ntreafsd, atid' 
to produce an immediate elongation of the axis, and an increafe of the central curvature ^ 
while the lateral parts cooperate more or lefs, according to their diftance fro^ the centre, 
and in different individuds in fomewhat different proportions. On this fuppofition, we 
have no longer any difficulty in artributing a power of change to the cryftalline of fiflies. 
M. Petit, m a great number of obfervations, uniformly found the lens of fiflies more or 
lefs flattened : but, even if it were not, a flight extenfion of the lateral part of the fuperft- 
cial fibres would allow thofe fbfter coats to become thicker at each vertex, and to form the 
whole lens into a fpheroid fomewhat obbng ; and here, the lens being the only agent in 
refra£bton, a lefs alteration than in other animals would be fufficient. It is alfo worthy of 
inquiry, whether the flate of cohtradion may not immediately add to the refra£live power. 
According to the old experiment, by which Dr. Goddard attempted to fhow that roufclcs 
become more denfe' as they contfad, fuch an effcA might naturally be expeded. That 
experiment is, howerer, very indecifive, and the opinion is indeed- generally exploded, 
but perhaps too haftily ; and whoever fiiall afcertain the exiflencc or non^xiftence of fuch' 
a eondenfation, will render effentiial fervice to phyfiology in general; 

Dr. Pemberton, in the year 1 7 19, firfl fyftematically difcufled the opinion of the muf- 
cularity of the cryftalline lens ^. He referred to Leeuwenhoek*s microfcopical obferva*- 
tiotts } but he fo overwhelmed his fubjeift with intricate calculations, that few have at* 
tempted to develope it : and he grounded the whole on an experiment borrdwed frooi' 
Barrow, which with me has totally failed ; and T cannot but agree with Dr. Olbers in the 
lemark, that it is eafier to confute him than to undcrftand him. He argued for a partial 
change of the figure of the lens i and perhaps die opinion was more, j'uft dian the reafons 

• De Facultate Ocoli qnt ad diverfas Renim diftantiasfe accommodat. L. Bt 1719. Ap. Hall. Pifp. 
Anat. IV. p. 301. 

Vol. v.— December i8oi« U o adduced 



330 Cltf the ^Iiichm\fm^ 0^/^ ^y^* 

a4i)MCcd jb^.,it8 fapport. Lobc» or rather Albinuff*;. decidedly favaurft a (tmllar theory ; 
and (ifgge^s t^e anal9g7, of the lens to die murcuJar par.;s of. pellucid anlmalsi in whicli 
qv^..the ,l;|fi(}i.^ifijcrofcopes can difcovcr no fibres..^ Camper alfQ mentions the hj^pothefis 
V^ifilx Q94i!6deri^le approbadon +* Frofeflbr ReiI,puIp^lhed,- in^i793, a PifTertatloxi on the 
Sur^£^;^re pf the, I^ns »,.^"4' ^}\ ^ f^,*^^*^H^?P^ paper, - annexed to . th^, trfinflation of my fon- 
mer Eflay .inPr^fcflbr Gren's Journal {> he difcufied the queftionof fits, mufcularity. I 
ccgret tha( L have not now an oppprtunity of referring to tliis publication ; but I do not 
recollei^ that. Prof eflbr Reil's objec]b ions are diflercnt from, thpfc whic^^ have already 

noticed* 

CpnridQringj the fympathy of the cryitalline lens with jtbe^uveo, 4ad(Vh?, delicate nature 
of the change of its figur^, there is little reafon to ; expert t|j|Mt aay afcifipjal ftimultis would 
be more fuccef^iful in exciting a contractive a£lion In the l^ns^^ tlian it has ^itherto been in 
the uv^a ; nioch lefs would that cDntra£tlon be vifible without art. Soon. after Mr; Hunter's 
deA^h, I pprfucd the cixperiment which he had fi^gefted^-^fo^'^afcert^iiiing bow far fuch'a 
QQQtraflion-.^igtit be obfen^abie. My apparatus (Piaie XV. |^ig»,;zj7.^ .was. executed by Mr* 
Jotifs. It cpi}fifted of a woc^en veil'gl blackedf within, whichi was to be dlled with cool, 
and then with wprmer water: a plane fpeculuoa^was placed underwit ;.a perforation >in the 
bottom was filled with a .place of glal's; proper rings were ^ fixed for the reception of the 
lens, or of tl^ wh4»]e eye, and alfo wires for trajarnJtting,.e^fSI;rkity^^^oye rhpie^ .a piccq 
oi ground .an4 p[ainted glafi^, ^ipr. receiving .the inaage, ^^a^ fupported by a bracket^ which 
moved by a piy^,. in connexion, with a fcale djyic^ed into fiftieths of an inch. . With this 
:tpt>^ratus J njade fpme ei^erimeni^ :aQi(led by, U^- Wilkiafon, whofe refidence was near 
a ifeughter-houfe : bat we could obuia,;by this mcfhoc^^^i^o.fatisfaclory evidence, of the 
change; nor w^s our. expeSLation much difappoinced. I.underftand alfo, that. another 
member of thid Society was equally uufuccefsful^ in attempting to produce a confpicuous 
change in the Icni.by ejc<aficity. . r ^ :...:• li i , . 

. XI. In ixian an4 jin th^ ippil: common ^ua^^ped^,^fbeJilr^£l^re .of 4lie lens Js nearly 

fimilar. Thjs number of radiation is of little confe^eocfi; |y2( I iu44 that in tUe hun^M 

■ . .'"' ■'". '"'* 

cryA:alli|ie.tlier$ are tfn on each fide, (P/ate XV. pig.-^..} n^, three, as I oncp,.from: a,haily 

obfervation, concluded $• Thofe who iiud any difficulty an .^liioovering the fibfcs, mu ft 

havpa. fight; vef7 ilLadaptcd to microfcoplcal refean^hes. jl have -labpured- .wixii the mo ft 

obflin^ite p(srfevera9$e to tc^^e nerye§ into the lensy and I h^yc fome^imes imagined t)iat 

I.had/&rt:c«Q$e(),ji bi^t I.caia^ajrt.po^tiveljf go fjirther thanto iUjLe my full , conviction of t^j^ ' 

■ ■ 

exifteno^ ^aiid $f t^ie precipitancy of tbofi?. whp have abfolutely denied iu Tlic long nerve^y 
nrhich are li^y co^fpH^uous between. the qh^roid^and fclerotlc coats, .divide c^chinto two^ 

• ... ^.....-1 

* Dc quibufdam Oculi Partibus, L. B. I71G. Ap« HaH. Difp. Anat. IV. p. 301, 
t Dc Oculo Hiimano. L. B. 1741?. Ap. HaJL Difp. Aiiat. VII. 2. p, 108, \09. 
. t nH4. p. 3j J, 3M. . ; , . . . . ^ 

^ Dc Corp. Hum. Vir. Conf. p. 08, 
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'«|lfi|r,> ortiioni bmntVci, at • the fpot: where the^cHiftry^ooe be^s^ aiMl tf^MC hA^tA-im 

f^mii:fliThc choroul with fomc 6iie filuncau at (he fahe f>Iace. T.be bralBchbs'oftee r«r 

>inite, ^ithai«flrght'p90Ki&iiinx!c, that fcasccly de£:rv€s the name t)f g'^anglion-: hcifc (hof 

fHrenM dow'riy' atid misqd '*w!rh the hard urhitilh-^broi»n meiribfanc 'that covers tfae.cc^afi: 

./pragy rul^[binde> iiKi: which cfap <96ilela ^ 7he oiliary' pTQeeflcs anbftombfis anil i^fcdivldtw 

{P<a(jDX^^;^ig« 47-)'' The Quantity itfjche nerrcsKwhkfa proceada to the itia^ ^jtaiif tb 

lie confiderabtyfinaMuf iKan tli^ which^ arrives at thp place of durifuin : hence idb«r«(Crfn \kt 

litclc dotcbt^thae^rhe diviiion ts ,.|calcalatod to AippJyihe leas with fome nnant&e brM^hee^ 

^and it ia* not-i^itiprdb^e, from the appisarance of the parts, that fovat fibres J»ay'pa(^;ii^ 

Viie^cbriieiat; -aiihoughist- .flftight moire natnratfy be eape£bed,i that the- tiioica eDOJuyi&tvg 

,^ciu1d \ft^ £dp]Ukit from iwitiiouc. ftat the iofaidiVi^ns 'Which probably pafs tp the'^lens, 

enter immediately into a mixtute of ligatnentou8:fufbfta«ce, ^ndof a tough {mMoni A sneni'- 

l^iti^ ^^snij l.iaivenbt bHher^ beenable to Jcrekipe'' them. Perhafs-animalk maf be'foiinc! 

-iia ^ii^hkih th^ fub6ance ■ is tof a differem nature ; and I ^ not flefpair that, with the afi^- 

ta^fi^ <9f injefitioos, 'for ibm i«adilyid(fIingiii(hiY^the ibiood veCc^s^' it may ftill ' be po£1ble 

^ -co 4vaoc -liiecn m iqanclr^ip^da; Our 'ir^biUcyta-itiicover tbeM, i Icatcelffcaa a^4aipienr 

^^itiibahfsir exTiftcnee:. ;iiey mtift' oatoraiiifi bctdttlicateoand traii4pamit { taddnvxr liavd an 

iaftanae^iiath^xomaai of coniidorajble ficiifibility, Jwrhemi'no nei^vc' Has^ ypt ibcen msoed. 

l%e<bp^e adbavcaM cfae ciKary fubftance; 'a»A the lens eathe ca()ftik,'^p4iabipaHyin:two 

w litTae •points; but I confeifs, I hav«>not bean able to obficrre tbat'theCe pcnnts aftsjeiadly 

•Oppofitb'to vhetrimks^of nerres^ fo that, probablyv the adhelion^tiaadhvafly.jeaaied hy thdfe 

wtik\% oMchciriB'ffociiieciirKsUeentpaffing'toiitbe oapfalecmiiofedicd^^ AVtcsnay, lam* 

•tH^at',{'-dtfcl)yeT'iramiifidtftioiisfr^^ ^ppon. aosi )«riahii» ftbc iubftaoee; of 

4he1enV'(^*^''^^^'^*S* 4^') generadfy fDllowiirig*aidiK£):ioA near to that of the .fibves, 

vM'feM^at^mes pro<id0diiig'frbQi a pcint oppofiteitoionc of the; radiating linepjof the £sme 

iurCace. But the (Miinieipal veflels of the lens appear ;to be -derived - from the central arcary> 

-by tti^ .of thiree braMhea at fome little diftahoe from the pofterior vertex > whs^h 1 god- 

^ve'-tb be ihe'caiit^-'of the frequent adbbr]C^n:^<4)l: cr portion .06 a.catata6fa*to the .iapfinlc, 

<^oist eWs point: tWy follow nearty the>coailrfe«Aof the^lradiatioiw^ .and tUcaof the fibres;: 

butthere is'6ft«n^a'f«Fp«t«(ioial> fitbdivifion^f one of. the: radii,* ;ns] rtho fpor ?whtire onk.of 

them enters. The veiTcls coming from the choroid ^pclbrspdndpallytA; fuppSy ar-fub- 
-Jftaxice, hit'hertcJ unobferved, which fiUs vp nheInNq^iial'p|rt-of tbe'ca^iile dflibe 'cry- 
stalline^ in the- form of a thin s^iie, andimakaea ^fligfai;^ek«8tion,!:vifible.cYen tUrodgh tUe 
^(apfule/ (Fig; 49*--5r*)' . It^omCfb df .eoarieif 'fibvea than die Jens, bufin a .^IieAIdn 
^nearly fimilar ; Aey ate^ften intermiied wikbicDall^globutea. ^s&mrami&ak^thetifaa* 
•gin of lhe-9one is crenatfd) efpeciaUy* behind^ "Wharc it asvfbartsr^ithis'ts obfcr^able in tlm 
'partridge: I '«<)<1, in the fame bird, the whok fuvfiicr of theien&is Tscnjto.'bc covered with 
tpoints, .or rather globule^, arranged in ■: regular Ifhef, (Plate XV. Fig«52.} fo asto hate 

fomcwhat the appearance of a honeycomb, but towards the vertex lefs uniformly difpofed. 

This regularity is a fiilEci'enc proof that thcVe eoujd^be^^b 6ptic^ ' deception in the appear- 

U u a ance ; 
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anoe/i jdt]»^gh,ijt,i!eq^u«t a jBDpd.^Icxofcop^ ^a^ifcover it dUUnj^If .^ but 
tzCilf pccte4,5# undcc.watert ^4 limr^enciji' in Xpintft <It$ u£e is uncertain:;* bat it nfuj 
poffi^ly^fccrqte the liqifid of ti^ cryftaUine.;^ acuL.it. as mucb de|erves.|be nanip^^ r^glandt 
^* ^^ greater part oC the fublUnceg (uij^^Uflodaiominat^ In peeling.it off, 1 have verr 
<li(liilj^ly ohfervjcd. tamiBcatipns^ which .^eie pai&ng through it into the kns ; .(Plat|p XV. 
Fig. J9*)( ^fMlYR4Ac4 4t.i$»not at.all ^jffici^h todetcA the yeSkh coniie£ling thf .margin of 
the Iqiisiwiti) its^p(ole; a9dil is furppfing. that M.; Petit (hould have ;4QHbtod .o^ thear 
caiftcfice. J( have yof, yet dearly diUx:erQed.thb. cryiUI^ the httoaagi.^jQi.bnt I 

infer Jiie cxifteni^e of fatmethingii^ilar to the globide% from the fpotted sqppearan^e piS/th^ 
imagO'Of a lucidpoint already mentioned | for which I can no otherwife acqountj than,|>f 
attributing it tp a derangement of. thefe pasticlesi preduped. by the cxtemai force^ and; to 
an ufi,equal impreffipn made by thom, on the furface of the lens, . 

In birds and in fiibes^ the fibres of thc-^ftalline radiate equally^ becoming finer as Utfy 
approach the Tcrtext tiU they are lo£t in a. uniform fobftaoeei of. the iame degi^ee of. firjEQ.- 
nefsit which appears to be perforated in the c^tre by a blood TcflcL (Plate X,V* Fig; SJ.) 
In qiayikiipedst the fibres at their angular meeting are certainly not continued^ as Leeuiv:- 
enhoel; imagiaedt acrofs the, line of diviiion i but there does not appear to be any diflimilar 
fnbftance interpofed between them« except . that very minute trunks of yeflels often mark 
chat iinew Bttt# fince the whole mafs of the. lens, as far as it is moveable, is prcd>aUy.ea- 
dued 'with a power of changing its figurci there is no need of any ftrength of ttnion» or 
place of attachmeht9 for :the fibrieS} fince th^ motion meets with little or no reGftaoce« 
Etery commoo muicle, as fi^n as itsxontraftion ceafest returnsfto its natural fotmy.<Ten 
without the affiftanoe of an antifgontft j and the lens itfelf, when taken out of the eyc^ in 
ittcapfule^ has elafticity enough to re*afiume its proper figUre^ on thdiremoyal ofafofpe 
that has compreiled it« The capfule is highly elaftic j and, finceJt is Jaterally hx^d to the 
ciliary zone, it mufk co-operate in reftoriog the lens to its flatteijb ibrm^ If iti be iqquiredt 
why die lens is not capable of becoming left conTcx, as well as more fo^Jt may be anr 
iwered, that the lateral parts have prohabliyii little contca^ive powers and» if they had. 
more, they would have no room to increafe the fize of the difc, which ihey.mi^ft dp, .in 
order to Aocten the asis; and the parts about the axis have no fibres fo arrai}g^d.a$,tp 
Ihorten it by their own oontrafiion. ' * . • 

I oonfider myfelf as being partly repaid for the labour loft in fearch of the nerves of the 
lens, by having acquired a moit. accurate conception of the nature and fituation of; the 
^iary fiibftaaice. It had already been obfenrcd, that in. the hare and in the mtqICi the 
Miliary pmceAes are not attached to the eapfiUe of the lens; and if by the ciliary procefies 
'#e underftand tfaofe filaments which are fieen detached after tearing away the capfulpi apd 
'xonfift of lanH^og vefiels, the obfervation. is equally true of the common q]iia4ruped.s» and 
i will venture to iayt of the human eye*^ Perhaps this remark has been made hy^otb^rsa 

• V4. Hall, |>yM. V. p. i32^tt Duyemey, ibi /cit*t. 

but 
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TK^W^WSioAxfiii linfiRtiirbdi; fitat I ztit part)f inaeb^^'to Bccfdlbifti- fot l(«Mk^'«6e((' '* 
undefeeh^rdrpeOing thsm :-fiof, hwririg once made the olbf<!rv^erf, k'Mii^ fiartti t<r )H^||r"' '. 
it in^ih''wtqttefti(mable' tnatiher. I - remove the pollerfor liemiiptibri; ot' 9^ 'ftlerotSdii* «# ' ' ' 
fomeWnai mow,' and aHo as ttaiich as pofdibleof the Vitreous hitMotiri'^titi^oce ^ 'fai)St' ^ 
of a'-^iroif fiifl^'into the capfok, turn out 'the lens^''ahd. cut off tUe'g^kateir patt ol 'ithe-''" 
pofteribr partioM of the ci^fttiiei' dndof 'the ireft of'tfae ntireoas hinn^ur.-'' I itejct'di^ibA^Aie ' ^ 
cboft»a4uKl vreaf firdAt Oie filerbtMa; and, dividing' the tatet^r inh<of^be'HrotuIc'irit6'-'<- 
fegoMibts frbnifts^ btetrei I tarn diem batk tipoh the' ciliary sone* 'The cilhLty pfocefifei- -^^ 
theifippeat, corered with their pigment, ami perfedff dt(lib£k bbth froiii' the^captule-mM^-^' 
froih'tkeuv<ea; (PhteXV. Fifr 54-) and the furfact of the capfd^is feert Onnlnft' i«4^ • ^ 
^idently natural^ dofe to the (lafe of thefe fdbftances. I do n6t diihy thattlieiffepiMitiMr' ' 
beti^teetithe ti^a^atid the procefles, exteiids fon&eWhat' farther -txickthati* 'the kt^arttted* 
betwiteti* the pracefles and the capfelb; biiithe 'diffihrence is Jneonfid«abIey^«hd,'id'i&t' i i' 
calf}^ joes' not amount to above half the teii^h ' of tHe detadted pafiti ' Thd^ppfoi^andb^of * 
die (Ardceflfe^Sf wholly irreconcHeable with tinlf(6aiarity ; ami their biriEtg^iitos^iH^d'iti^ - ' 
muC^^S^iikKed to the capfule, is therefore doubly inadmiffiblcf. Their Ikt^Mf tlni^' - 
witU'ttli^ dirpiiile, commences at the bafe of their pofterior fhiooth furftcfS, afid^ia'cbbfi^ ' < 
' nned^e^Mi^^'the point where diey are mo^ intimately united motk the termimAidii of-dte "^ ''* 
iives^ iif^hkty lio^Tefet tliis portion of the hth of the prbcefies wei<e ^ifpofe<( ta osaawO;; ' - - 
it ynddSSi tie inuch too (hort to produce any fenfible efie&. Wht< their iife itita^f b^^ ittkUtbt :*'i i 
icafilif1)e^<l6teRnined4 if it were neceflary to have atiy peculbr ^organs for v feamlM^^Hvtf>- 
tnigfit caB them glands^ for the percolation of the aqtteoua hoinotir ) but there it nar^talbik : ^ 
to tliift them requifite for this purpofe. 

Ttttf MaRrfapittm nigrum of birds, and the horfe-(hoe»Kke appearance of the choroiddF* 
fiflidf, 4yifr two fiibftances whsdi' have fometimes, with>c|uannju{tice,'b^termedimo'f^ 
cularr"' AH Aie apparent fibres of the marfupiuiH nigntm are, as Bali^- had V4ry4ti^ 
aflei^dd, 'iuicrety duplicatiires of a membrane, whidt,^when its eUdsArecafitvoff)' ra^ ealll)^ 
l>e ukifoldi^ tinder the Inicrofcope, with the affiffaiiee of a fine hair f^titji^ .^'^^ t<^ leivo 
no lofigfcrany Htfpidon of a mufcular texture. - ^Fhe eipertnient relsMd by-MrfHome^j 
can fcarcely be deemed a very ftrong argument for attributing tVtfatsfubftaaoe^atfaKmhy 7. r;> 
^htdi'itVappe^anc^ (V little ^mlio^ifes us- to tiJft& ittiS. If^e'Tectlbbfte^eJn ihfttto* '- 
roid"bf fiflids, (Plate XV. Tig. S5.) is more c^aUeof deimyjng'^htf dbfei^4,>t8 coking 3 ^ 
givcrf'lt Ibmc little prottenfk>n,' and I began to cxanHiae ir -^itha prcpoifcffiqn in favour pf . : 
its mtffcnlar nature; 6ut,AiAch we riecoIle£l-thegeliera*5coIour«5of;Advinofdes6f,fiftc^^'^ i 
the ^otiCderation of itsrednefs willnb longir have-atrty weight. StrtppedWtfae membrane ^^ 
whieh'loofcly covert its mtemal'-rarficei (Rg^^s^.) -it 'fcdms tO' have -iWnij^ r. 

ibmcWhatreffcmljling thole irf hmfcles, and fH> tcVminafc in ^a m^m^er foipmbat^aailari >• I 
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^f^ Ok tkn Ahehmmfm if tii. EyK 

i^ig. J70 foa)^' wten>ielMn$d inn microrcoj^i the trabfTtrfe, divifioHs ftpf)^ar to 1>c <frapk#y 
O&d t)«e JKfhoit bufitt evidently/ of a uniforny texttre% without thfe lead fibrous appeanncc-i 
ti4^ if % pif Udte bf any kind of mttfckis icom pared with it^-tfac contraft becomes «crf 
firiklttgi deMMs, it ]» fixed d^wn^ throughout in extent, to the pofterior iamiDa of the 
'di^oid, afld hSB tio. ^ttaehmeitt cayaUe of direding its efied ; to fay nothmg of the diffi-' 
^lilt^ of codceiviT^ what that cifFei^ could he* Its uic 4iiuft remain^ in common with thic 
of diany other ^arteof The animal frame, entirely concealed from oar corio6ty.' 

'The bpny (bblH of the eyes of birds, which whre long ago defcribcd in the Philoibplxkal 
1\anfaftiof>s by Mr. Ranby ^, and by Mr, Warren +> afterwards in two excellent Memosis 
«of M. Petit oil the c^e of the turkey and of the owl t, and lately by Mr. Picixx Smiria f, 
Md Mr. iiomt R^ can^ on any {Vippofitio^, have but little concern in the accommodatioa of 
flheeyc.todiJftffeht'dW?artces: they rather feem to be ncccfl'ary for the protec^too of ^»t 
'<&rg3n> Jhrge aifS prOinlhent as it is, ftnd unfupporced by any flrength in the orbit> ugainft 
Vkt vlirious accfd^Ms to which the uiode cf life ami rapid 'motion of thofe animals muft ex- 
^pofielt ) ftt^'they areinuch lefe liable to ftiiduY:ethan ah eBitire bony ring of t}ie:fai»e thick* 
^k ^v^dWtd'ha^ been. Tht marfupium tngrum a^ipcars to-be intended to^Oift :in^{iviAg 
^i*ft^tJ» \b tlie'eye, to pr^fcnt any change in the place of the. ions byexterD-al fofoe: it -is 
lb IKbated Its to intercef{>t but little light, Uird that^ Httle 13 {Mrincipaliy whflt woutd >hai^ 
l^lleh dh'-thetnfertibn'o!' tl»e •ofVic nerve ; and it feetns to be too firmly tied to the lens,. 
TXtfi 'to ^dinit any confid'(iT:Ate iefofigation of tibe axis of the reye^: although it cermioly would 
tooftirhpcfde a ffrbthition df the cornea. ■ ' i - 

Wfth tefffea to the eyes of iWfefts, an bbrfirratito erf Poopart defcrrcs to be repeated 
licfrel He rrtnatW," that -the eye of the Hbellula is hollow ; that it coniRwnitafes with an 
air-vefTcl placed longitudinally in the trunk of the body ; 'a;nd that jt isicapjiUe of: being ii^- 
%ated fVohi this^orly : ht fup'poles that t^e infe^ is provided with this apparatus, in order 
fctflHe acKBrfiWeWatibn df its«fe to tke 'pererprioBirf objefts at ^diflWont diftances **. -I 
YiSfi'irot fit hitd alh e^i)pc$i<ruriArf ibf eitttnrifling4rhe'cyeof cheiKbellttkirbut there is nodif- 
lictt?ty% f«^dB^g*thatthc*riirffcii8'of proAiiciftg the changcof the refraftiire powers of the 
yftt M?rf\Sty «jA dMei^nt dliSes of Mindtfh, as diycrr]tied.iu their iiabits, and (he ^general 
xati^S^zli^'i/^ tfeeiif cfrgrfttsJ ' ' ' 1 

I'beg'lwiVt to correiJl hefe^ndbfdrvatfon tn my former paper, Klative to the faint lateral 
Wdiatiorfsi which Ifuj^pofed to [Wo«eedft»m'tfife:n*argintrft^^ I find, onfurtfaor 

Vi*xinition,' ->ffiat th^ ^* bfciWitotaed "hyitt^tSt'iam from the eye-kfhes. 

3CII. 1 (hill tiowCrially t^ici^pi^I^te the principal objeAs and.refbhs of the invedigation 
*%(/h!cti 1 have taken the libetty of detailmg -fo fdlly to the RoyalSociety. Firfl, the dctof- 

* PkiK Traiiil Vol. X>CXIII. p. 223, Abr. Vol. VII. p. 435^ 
t Phil. Tran'n Vol. XXXIV. p. 113. Abr. Vol. VII. p. 437. 

J M^fu.ae'rA'ca'd/ItrfS, p. '163. 1736, p. 166. Ed. Amft. " . 

^ PhiL Tranf. iof 1795, p. 263. || Phil. Tranf.. for 1796, p. l-li. 

♦ • Phil. Tranf. Vol. XXII. p. 673. Abr. II. p. 762. ' 
t't *^l. Tranf. for 1793, p. 178. 
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mmatjon.of tbe refra£liTe power of a variaUe mediatn, and ita dpjilicatibii t&'the cor\ftUu- 
tibn of the cryftalline lens. Secondly, the conftrufVion of an inftrument'foir'arctrt^oSng^ 
upon infpe<Slion, the exa£i focal difrance of every cyfe, and the remedy for its ifnpeffcftiortxsi 
Thmily) to fliew the accurate adjiiftnlent of every part of the eye, for fciinf with dlftinKS 
nefs the greated poflible extent of objedi« at the fame irfftaht. Fourthly, to meafuretUi 
coltodivc'diipcMioQ of coloured rays in the eye. Fifthly, by immersing tke eye in «rater, 
to demonftrate that its' acconnmodationf does not depend on anychatige in the cttrvatufse of 
the cornea. Sixthly, by confining the eye at the extremities of its axis, to prore ^tltif nd 
material alteration of its length can take place. Seventhly, to examine what' iafeiiocc tan 
be drawn from the experimeDts hitherto made on perfons deprived of the lens } td pitta 
the inquiry, ion the principles fuggefted by Dr. Porterfieldf ; and to confirm his opiniboiaf 
the utter inability of fuch perfons to change the refraftive (late of the organ. Eighthly, to 
deduce, from the aberration of the lateral I'ays, a decifive arqumeiit in favour of a change 
in the figure of the cryftalline; to afcertain, from the quantity of this aberration, diei lofiil 
into which the lens appears to be thrown in my own eye, and the niidde by whieh tJM c|^a#ge 
mud be produced in that of every other perfon. And I flatter myiclf, that I (hsftt norbe 
deemed too precipitate, in denominating this feries of experiments fads£a£l;ority:d^ba* 
Rrative. 
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Plate XIII. Fig. I. See page 256. Prop. III. :.; • -'I 

Fig.^. Sec page 256, Prop. IV. .: j?'*^ 

Fig. 3. See page 258. Prop. V. \ '.'.'■■ \ \" . i ,;^i'\ 

Fig. 4-—^ Relating to the optometer. See page 259. : • *'j i • d»'- 

plate XIV. Fig. 7. The form of the ends of the optometer, when made •£ card. • Th« 
apertures in the (boulders are for holding a lens : the iquare eiidt turn under, and^arp hU 
tcncd together. * • • 7': • r ■ '• •' 

Fig. 8. The (cale bf the optometer. The middle line' is ditided, feom^lhe'l&w* ihd, 
iota inches. The next column (hews the number of a ooncaTe lens Tc^pcrSke forvt Jltdit* 
(ighted eye ; by looking through the flider and obfcrving the number oppofite to which ths 
interfeflion appears when moft remote. By obfcrving the place o£ apparent int^fciSHon 
when ncarcft, the number rcqui(itc will be found in the other column, provide* |hatMthc 
eye have the average potwer of accommodation. At the other endf vthe iniddlt^ Hfl0 is/^a- 
duated for extending thue fcale of inchee'by means of a leas Four inehe'a in fbeos; ^fhe Yiegai 
tive numbers implying that fuch rays as proceed from them are madcr t6'C0^9re^e-d>wa)rds a 
pbint oci tte other fid^idf the lens. The other co4uliin Ihewf the focal length ojF oorxteX 
glaifes required by thdfe ey«a to ^hich the inferfedlioii appears^ -wbev iioafeitv ^ppifilie ih^ 
fefpeftive jJaces of the mimbere. ' ■ i . . '::/^ •'^:* • t • 

Fig. 9. A fide view of the optometer, half its (ize. •" '; \ 

fig. 10. The appc«*|icc of the lilfcs through the flider. ■ • ^^'AA •'! ;' ^ 
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. . Fig. I !• Met)io4 of nocaliinng the nu^Uude of an image on the letina. See page 193* 

, Fig.,lJUf Dii^goiisa (jcide draws^oii4 lookihgfglab * ' ' " - -' •'> 

]rig« 13* The method of applying a lens with water to the cornea. * 

Fig' 14. .Thf appearance of a fpcAnim oeeafitmed bj prefliut;' iind th« ilileftftn of 
ftraight lines Teen within the limits of the fped^rum. 

. . Fig. irf. An illuftration of the enlargeooent of the image, which woulA be rfie^«ta(e« 
I ^U.ei^e,x»f ^iv elongation of the eye : the im^tgesof the candles whichi in oAe uifti rt w e i fall 
on ihe ifi^iop/of thcnerrCy fallings in the other inftance^ beyond it. 
: Plate XV. Fig. 16. The fucceffive forms of the image of a laige dlftaiit oljedtf 4s it 
would be delineated by each refradire fnrface in the eye; to (hew how that hrrm'^H laff 
. coiiKides with the retina^ £ G is the diiUnce between the foci of horizontal and tertical 
rays in my eye. 

ISate XV. Fig. 1 7. Vertical fc Aion of my right eyC} feen from without | twide Am aa» 
Mralfise. 

- Figc*i& Horizontal fc£lion) feen from above. 

^ : Fig. kg. Front view of my left eye when the pupil is contraQed ; of the natuial fisei 
1^ Fig. 20» The fame view when the pupil is dilated. 

Fig. 21. Outline of the eye and its ftraight mufcles when at reft. 

Fig. 22* Change of figure which would be the confequence of the a^ion of (hoft ttnt 
des upon the eye, and upon the adipofe fubftance behind it. 

Fig. 23. Scale of the fmall optometer. 

Fig. 24. Appearance of four images of a line feea by my eye when its focus ia. flunrteft. 

Fig. 25. Outline of the lens when relaxed ; from a comparifon of 'M« Petit's meafores 
witbthe phenomena of my own eyci and bn the fuppofition that it is found in a relaxed 
ttktt after death. 

Fig. 26. Outline of the lens (iifficiently changed to produce the fliorteft focal diftance. 

Fig. 27. Apparatus for afcertaining the focal length of the lens in water. . 

Plate XV. Fig. 28* Various forms of the image depicted by a cylindrical pencil of rays 
obliquely refraded by a fpherical furface, when received on planes «t diftances progreffivfb 
greater. * / e^ < 

Fig. 29. Image of a minute ludd ahjtSt held very near to my eye. 

Fig. .30. The fame appearance when the eye has been rubbed. 

Fig. 3ir<->37. Difiiarent forms of^ the image of a lucid point at greater iiid grettet difi* 
lances 1 the moft perfed focus being like Fig. 33, but much fmallen 

Fig. 38. Image of a very remote po|nt feen by my right eye. 

Fig.. 39. Image of a remote point %en by my left eye i being more obtofe at one c<id» 
f rqbablf (from a kis obliquity of the pofteriov furface of the cryftaUkie lena* 

Figa 40* Combination of two figures fimilar to the &th wncxj tf Fig* aS 1 to ioMlalt 
Kg. 38. 

V%^4i. Appeannce of a diftant lucid point when tiie eye b adapted to a tery Mat ob|i& 
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I'^g* 42i 44* Shadow of parallel .wiits io the inuige of « diAtnt pcSotf -^hen die eye k 
Telaxed* 

Fig. 43, 45* V The feme fliadolnTefkiered ettihred hj a change in At iigiire of the cry- 
ftalline lens. 

\¥itg 4^^'' T^^^ order of the fibres of the homan cryftalline* ' 
. * ?ig* 47^ ^h^ dlvifibn of the nenr es at the ciKary zone ; the fckvotica beitig removed. 
One of the nerres of the uvea la feen paffing forwards arid fufadmding. ftoifa' the calf* 

,Fig» 48- Ramificationa from the margin of the cryftalline lens. 

Tig«s49. The soneof the cryftalline faintly feefi through the capfnle. 

Fig. 50. The •xone raifcdfrom its fitaation, with the ramifications pafliiDg througVit 
.into the lens* * . " 

Jig. 5 !«. The 8one of die cryftalline detached. 

Pfaite XV. Fig. 52. The crenated aone, and. the globules regularly arranged on tne 
cryftalline of the partridge. 

Fig. 53. The order of the fibres in the lens oi birds and fi{hiss. *" . 

Fig. 54* The fegments of the capfule of die cryftalline turned back^ to fliew duL de- 
tached ciliary procefles. From the calf. 

Fig, 5J. ' Ifnt of die choroid 4)1 the cod-fifli,> withlits red fobftance. ' Thd central aiUBry 
bangs kofe from the inlertion of the nerve. ''''..< 

Fig. 56. The membrane covering this fubftance i|Ttema]If, raifed by the blow-^pipe« 
. Fig«L 57^ Tiie* appearance of the red fubftancci after Ac reniovid of thcLmembtfaoe.! 
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Exfiriminti on the Chemicai Produ3im and Agency of Ele&ricitj. By Willi AM Htdm 

' ■ WctlABTOSy M. D. JR JJ. «. ♦ 

W CyrWITHSTANDING the power of Mr. Volta's clcaric pile is now known to be 
proportional to the difpofition of One of the metals to be oxidated by the fluid interpofedf a 
doubt has been entertained by many perfons, whether this power arifes frorn the chemical 
aAirni of the fiuid onthe metaH or, on the contrary^'^hether the oxidation irfelf may not 
be occafioned by electricity, fet in motion by the C9fita£t of metals that have different con- 
ducing powers. '^'^ '. 

f Thar the oxidatton of the nietal is the primary cauff of the eledrlc phenomena obferveds 
Uf I think, to be Inferred from the following experiments, which exhibit the gahanid 
pmoiiiTeducM toits mod fimp^e ftate. 

Experimtnt i. If a piece of zinc and a piece of filver have each one extremity frnmerftd 
krVd# Ame reflet, oontaitoing^utphiirk or nmriatic dcui' diluted ^ith a lai^ quabti^ of 



• Phfl. Tranf, for 1801, p. 427, 

Vol. Vv~D£CF.MBER 1801. JXx water, 
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water » tlie zinc ia difibWedt and yields hidfogen gasf by deoempofitton of the water : the 
filver, not being a£ted upon has no power of decompofmg water; but, whenever the ^ioc 
«pdiilirei arc ittade to ^mch, or any njbetalltc ^ooi^mwioation ia .fli^ade betw^oen .diem^ 
hidrogcn gas is alfo formed at the furfacc of the fJver. * 

Any other metal beCde zine) which by afliftanbe of the acid employed is-cap.d)le. of de- 
: iCompofing watert will fbccdedrequallyi if the other wire conGfts of a m^tai on wfiich the 
acid has no effect* 

Experiment 2. If zinc, iron or copperi are employed with gold ia dilute Qitric acid, 
nitrous gas is formed) in the £ime manner^ and under the (aaic circumftanc^. as the 
iiidrogengm in the former experiment* ,'« '. ■.'■■ ^ ■ :: , 

Experiment 3, Experiments analogous to the former, and equally fimple, inay alfo be 
made with many metallic folutions% If| for iViftance, the (bkitioa' contains .qopper« it will 
be precipitated, by ^ piei^ of. icooy And appear qo its. CurCuce^ Vpon filver m^elf iinmerfed 
in the fame folutioni no fuch effeft is produced ; but as foon as the two metals are brpught 
into contaA, the diver receites a coating df coppev^ • ^ . . ., 

. laihc-xs^laoation of tfaefe experiments! it is neoefliury to :advert toi« fKHSt eftablifhed by 
means of the ele£lric pile. ^ - .>, 

: Wc know .that when water is pheedtn a circuit of cMduAors ^f aledricicy, between the 
two extremities of a pile, if the power is fufficient to oxidate one of the wunes of communi* 
catioiH the wire conneC^ed with the oppofite ektremity afibrda hidnDgengas. . 

Since the extncation of Udrogni, .in thi^ inftasee, is feea to depend on tXtGtxyavij \\ is 
probablci^that in other inftances, eledricity may be alfo requifite for its converfion into gas» 
It would appear) therefore, that in the folotion of a metal, eleftricity is evolved during 
the a£lion of the acid upon it \ and that the formation of hidrogen gas,/even in that cafe 
depends on a tranfition of electricity between the fluid and the metal. 
-'We fee, moreover> in the firft experiment, chat the zinc, without contact of any other 
metal, has the power of decontpofing water.; and*we can have no reafon to fuppofe that the 
conta£l of the iilver produces any new power, but that it ferves merely as a condudior o£ 
eledricity, and thereby occaCons the formation of hidrogen gas- 
In the third experiment alfo^ the itoo by ttfelf has the power of precipitating copper^ by 
means, 1 prefome, of eleAricity evoWed during its foluiioii ; and here likewife the Clver, 
byconduding that ele£krity, acquires the power of p&ecipitating the copper in its metallic 
ftate. 

The explanation here given receives additional confirmation from comparative experi* 
meote which I have made with coimnon ele&riciiy ; for it will be feen,. that the fame 
tvMasfer of chemical power, and the fanoe apparent teverfion of the ufual order of chemical 
affinities in the precipitation of copper by filver, may be tSk&ci. by a common ele£brical 
machine. v ■ 

The machint with which the following experiments w^^e coadu£led, confifts Cff a cylin- 
der feven inches in diameter^ with a conduQior on each fide^ 16 inches long, an4 3t inches 

4 diameter. 
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iliamftet, esch f«trni(hed with a Aiding ele&romcteri to regvlate the ftrength of the fpark 
ftccived from thcm^ 

Experiment 4, Having a wire of fine filver ^i^ of an inch in diameter, I eioated the 
middle of it for two or three inches, with fealing wax^ and by cutting trough in the "mid^i 
die of the wax, expofed a fedion of the wire. The two coated extremities of the wire 
thu^ divided, were immerfed in a folution of fulphate of copper, placed in an ele£iric ctr« 
cuit between the two condu£lors ; and fparks, taken at ^V of ^^ ^n^h diftance, were pailed 
by means of them through the folution* After 100 turns of the machine, the w!re wfaieh 
communicated with (what is called) the negative condu£ipr, had t predpitate formed on 
its furface, which, upon being burnifhed, was evidently capper; but the oppofitc'U^ 
had no fnch coating. • . '• i » ' * : 

Upon reverfing the direction of the current of dcflricity, the order of the phenomt^hi 
wfas of rbarfe'reverfed ; the copper being (hortly rc-diflblved by afliftanoe'of the oxidafiMg 
power of pofitive eleftricity, and a fimilar precipitate formed on the oppotite wire. 

Experiment c. A fimilar experiment made with gold wires t-^^ ^f ^^ inch diameferi in 
a folution of corrofive fublimate, had the fame fuccefs. - ^ 

The chemical agency, therefore, of common deiftricityf is thus proved 'to' bcf flie fam^ 
with the power excited by chemical means; but, Gnce a difference has been bbfetVed itl 
the comparative facility with which the pile of Volta dccompofcs water, iin* produces 
other efie£ts of oxidation and de-oxidation of bodies expofed to its adton,- 1 hare been ac 
ibme pains to remove this difficulty, and can at lead produce a very clofe imitation of the 
galvanic phenomena, by common ele£lricity. ' ' * '• "'- * 

It has been thought neceflary to employ powerful machines, and lafgi LeydehjaVs,' {foil 
the decompofition of water ; but when I eonfidered that the decoihpofition mttft^depend on 
duly proportioning the (brength of the charge of eleflricity to the 'quantity of water, ini 
that the quantity expofed to its a£tion at the furface of conimunication depends tn' the ex« 
tent of that furface, I hoped that, by reducing the furface of communication,' the decom* 
pofition of water might be efFe£ted by fmaller machines, and with leTs powerful exeitation>' 
than have hitherto been ufed for that purpofe ; and, in this hope, 1 have not' been dif*' 
appointed; 

Experiment 6. Having procured a fmall wire of fine gold^ and given it as fine a point 
as I cottld, I inferted it into a capillary glafs tube ; and after heating the tube, ib- av to* 
make it adhere to the point and cover it in every part, I gradustlly ground' it down, till» 
with a pocket lens, I could difcem that the point of the gold was expdfed. 

The fuccefs of thia method exceeding my eipe^latlons, I coatbd feveral wires in the 
fame nnnner, and found, that when fparks from the conduAors Befoi^-mditioned ^ere* 
made to pafs through water, by means of a point fo guarded, t fpark paffifijgf to the dKftance 
of 4 of an inch would decompofe water, when the point expofed diii not exceed -^^ of an 
inch in diameter. With another point, which I eftimated at ttWi ^ focceiSon of ^[Murks 
•2^ of an' inch in length, afforded a, current of fmall bubbles of air. 

Xz2 I have 
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ITiave Encc found, that the fame apparatus will decompofc water, with a wire jj\j of an 
irtoh'dtairfet^^,^ JcoSted in the iViariher before defcribcd, if the fpark from the prime con- 
d«iAot paifts to the diflarice of ^*<> of an inch of air. 

't' Experiment T. In order to try how far the ftrcngth of the eledlric fpark might be rc- 
. diiced by proportional diminution of the eitremify of the wire, I pafled a folution of gold , 
in aqua regia through a capillary tube, and, by heating the tube, expelled the acid. TIu^ 
remained' 9 thio film of gold, lining the inner furface of the tube, which, by melting thq 
tatef waa coii^erted'into^Tery fine thread of gold, through the fubflance of the gl^s. , 
; f When the extremity of this thread was made the medium of communication through 
Miter, I found that the mere current of ele£tricity would occafion a ilream of very fmall 
briibblesf io rife Arom the extremity of the gold, although the wire, by which it communis 
^ated with the pofitive or negative condu£lor, was placed in abfolute conta£l with them. 
Hence it appears, that decompofition of water may take place by commoo ele£lricity, ts 
wellas by the ele£lric pile, although no difcernible fparks are produced. 

: The appearance of two currents of air ttiay alfo be imitated, by occaGoning the eledri- 
city to pafs by fine points of communication on both (ides of the water ; but, in izCt, the 
refexibhince is not complete t for, in every way in which I have tried it, 1 obiferved that 
each wire gave both oxigen and hidrogen gas, inftead of their being formed feparately, as 
by Hit ele&ric pile* 

I am inclined to attribute the difference In this refpe£l to the greater intenfity with which 
It is neceflary to employ common electricity ; for, that poCtive and negative ele£lricity» 
(b excited, have each the fame chemical power as they are obferved to have in- the electric 
pile, maybe; afqertained by other means. 

In the precipitation. of.copper by (ilver, an inftance of de-oxidation (or phlogiftication} 
by negative ele£iricity. has been mentioned; the oxidating power of poGtive electricity 
may be alfo proved, by its ttkCt on vegetable blue colours. 

Expuriment 8. Having coloured a card with a (trong infuGon of litmus, I pafled a cur- 
rent of cXtikxic fparks along it, by means of two fine gold points, touching it at the diftance 
cf an inch from each other. The eiFeCij as in other cafes, depending on the fn^allneft of - 
the quantity of water, was moft difcernible when the card was nearly dry. In this ftate a 
very few turns of the machine were fbfficient to occafion a rednefs at the pofitive wire, very . 
manifeft to the naked eye. The negative wire, being afterwards placed on the fame ipot^ . 
foon reftored it to its original blue colour. 

By Mr. Volta's apparatus the fame ede^^s are produced In a much lefs time. 
. Befide the fimilarity which has thus been traced between the efiedls of eledricity excited 
by the common machine,^ and thofe obferved from the ekdric pile, I think it appears alfo^ 
probable, that they originate from the fame fource. 

With regard to the latter, its power is now known to depend on oxid^^ion ; £6 alfo dee^ . 
the ezcitemtet in the former appear very much to depend on the fame procefsy foi^ 

2 Experiment 
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' Expertment 9. I have found that, by udng an amalgam of (ilv^r or of platinay which 
are Qot liable to be oxidated, I could obtain no eldftricity. Aa amalgani of ttOj oa fht 
contrary affords a good degree of excitement. Zinc a£ts ftill better } but the b«ft amalgam 
U made with both tin and zinc, a mixture which is more eaCly oxidated than either metal* 
Separately. 

Experiment lO. But, as a farther trial whether o»dation aQids In the produ£lioa .of 
eleclricityj I mounted a fmall cylinder, with its cufhion and condu£lor,. in.a,,ye4ei fo coa^ 
trived, that I could at pleafure change the contained air. . • • A* 

After trying the degree of excitement in common air,. I fubftituted carbonic gas, afldftf 
found that the excitement was immediately deilroyed, but that it returned upon reradmiJEoQi'i 
of atmofpheric air. ... .-?j>i 

In conformity to this hypothefis, we find that the metal oxidated isy \n ea(;h. cafe^ iq 4{ 

m 

fimijar (late of eleAricicy ; for the cufhion o£ the machine, by oxidatiofi of the aina)g^ia.v 
adhering to it» becomes negative ; and in the fame manner, zinc, oxidated by the accu* 
mulatcd power of an ele£tric pile, or fimply by action of ao acid, is alfo negative. -, • ■ 

This fimllarity in the means by which both elediricity and. galvanifm appear to.be €&•*; 
cited, in addition to the refemblaoce that has been traced between their eiFedsi (hewa thjat > 
chey are both eflentially the fame, and confirms an opinion that has already been advanced . 
by others, that all the difiJcrences difcoverable in the effeds of the latter^ may be owiog to 
its being lefs intenfe, but produced in much larger quantity. ^ 
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An Acamnt ofjome Galvanic Combinations^ formed bj the Arrangement ofjtngle Metallic Plates . 
and Fluids^ analogous to the new Galvanic Apparatus of Mr. Volta. Bj Mr. HvmpuJBlX 
DavYj LeBurer on Chemi/lry in the Royal Inftitution *• 



I. A: 



,LL the galvanic combinations analogous to the new apparatus of Mr. Volta). which . 
have been heretofore defcribed by experimentalifts, confift (as far as my knowledge extends) 
of feries containing at lead two metallic fubftances, or one metal and charcoal, and a ftra* . 
turn of fluid* And it has been generally fuppofed,^ that their agencies are, in fome meafure».. . 
conneAed with the different powers of the metals to condu£l eledricity.. But I have found 
that an accumulation of Galvanic influence, exaflly fimilar to the accumulation in the 
common pile, may be produced by the arrangement of finglc metallii: plates^ or arcsj with k 
different ftrata of fluids. 

The train of reafoning which led to the difcovery of this fa^ was produced by the ob» 
Cervation of fome phaenomena relating to the connection of chemical changes with the ero«^ .. 
Itttion o£ Gaivanic powen 

« Philofophical Tranfaaions, 180U 
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tt sippeared, m fe?era1 experiments, that feries of double metaltfe plates; iocapsfbto of 
A£l'mg as Galvanic combinations, when arranged in the proper order, with penieim of 
water, were readily made, to produce Galvanic efieds, by being alternated with acidtf, or 
other fluids capable of oxidating one only of the metals of the feries. Thus, detsbiep&te$» 
compofcd of CIver and gold, (metals which have been fuppofed to differ very little in their 
powers of conducting ele£trity,) produced Galvanic a£tion,' when placed in coiiHid, in the 
common order, with cloihs moiftened in diluted nitric acid. And copp^ and filvev aded 
powerfully with nitrate of mercury. 

Thefe fa6ts induced me to fuppofe, that the alternation of two metallic bodies with 
fluids, was efTential to the production of accumulated Galvanic influence, only lb far as i^ 
furniflied two conducling furfaces of different degrees of oxidability; and that thb pro- 
dudion would t<ike place^ if (ingle metallic plates could be conneQed together by different 
fluids, in fuch a manner that one of their furfaces only fliould undergo oxidation, the ar- 
rangement being regular. 

On this fuppofition, I made a number of exf eriments on different arrangements of fihgte 
metals and fluids ; and, after many various proceffes, I was enabled to afbertain, that many 
of thefe arrangements could be made adive, not only when oxidations, but Kkewife when 
other chemical changes were going on in fome of their parts. 

In defcribing the different Galvanic combinations formed by fingle metallic plates and 
fluids, I (hall divide them into three claffes, following, in the arrangement, the order of 
time with regard to difcovery. 

11. Tlie firft and mod feeble clafs is compofcd, whenever fingle metallic plates, or arcs, 
are arranged in fuch a manner that two of their furfaces, or ends oppofite to ^ch other, 
are in contaCl with different fluids, one capable, and the other incapable, of oxidating the 
metal. In this cafe, if the feries are numerous, and in regular alternation. Galvanic in- 
fluence will be accumulated, analogous, in all its effefls, to the infl'uence of the common 
pile. 

Tin, zinc, and fome other eafily oxidable metals, aft moft powerfully in this clafs of 
combidations. 

If pieces of'polifhed tin, about an inch fquare, and ^ of an inch thick, be connefted 
with woollen cloths of the fame Cze, (moift^ned, fome in water, and fome in diluted ni* 
trous acidjj in the following order, t}n, acid, water, and fo on, till twenty feries are put 
together, a feeble Galvanic battery will be formed, capable of a£ling weakly on the organs 
of fenfe, and of flowly producing the common appearances in water ; tlie wire from the 
oxidating furface of the plates evolving hidrogen ; arid the wire from the non-oxidating, 
furface (when of filver) depofiting oxide. 

In all cafes, when the batteries of the firft clafs are ereded perpendicularly, the cloth 
moiftened in acid muft be placed under the cloth moiftened in water ; and, in this arraiijje- 
ment, as the acid is fpecifically heavier thaii water, little or n6 'mixture oF^he fluids will 
take place. 

When 
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When 2inc is employedi on aocotinf of its rapid oxidation in witter containing atmbf* 
phertc^air^ throe doibs (bauld be ufed; the firfl; moiftened in weak folutibn of fulphuret 
of piOfc-alhf (which is pofleiTed of .no.power of a£^ion upon zinC) and which prevents 2t A-om 
d^^ing upon the water;) the fe^cood moidened id a folutioh of fulphate of pot-aih, 6( 
greater (jpecific gravity than the foluiion of fulphuret ( and (he third wetted in an oxidating 
fluid fpecifically heavier than either of the folutions. In this cafe, if the order be as foU 
lowss ziaCi oxidating (blutioo) folution.of fulphate of pot-afb, foliifion of fulphuret 6f 
pot*a(b| very little mixture of the fluids^ or chemical a£lion between them, will take place : 
and an alternation of twelve feries of this kind, forms a battery capable of producing fed* 
fible effeOs. 

. UL The fecondclafs of GiS^LVAKic combinations with fingU plates is formed, when 
plate^ or arcs> compofed of a metallic fubftance capable of ailing upon fulphurat^d hi* 
drogen, or upon fulphurets diflblved in water, are formed into feries, with portions of a 
(blvktioti of fttlpl^uret of pot-afli, and water, in fuch a manner that one fide of every pTite, 
or arc, is in eopta£k with water, whilft the oppofite fide is aQed on by the folution of 
fulphuret. Under thefe circumftances, when the alternation is regular, and the humbev 
of iisriei fuJEcJently gretat^ Galvanic power is evolved; and water, placed in the circuit 
^ilh filver wires, is aQed on ; oxide being depofited on the whre connected witli the fide 
of the plate undergoing chemical alteration, whilft hidrogen is evolved from the fide in 
contadJE with water; 

' Silver, coppei^ and lead, are each capable of forming this combination. Plates made 
from either of thofe metals, may be arranged with cloths, (moiftened,' fome in water, arid 
others in fbliltion of fulphuret of pot-afh,) in the following order, meta),^' cloth moiftened 
in fulphuret of pot«iafi>, cloth moiftened in water, and fo on.' 

Eight feries wiil produce fenfible efie£ls; and the wire from the^ top of the pile produces 
oxide. 

Copper is more a£live, in this clafs of batteries, than filver : and filver more a£live than 
lead. 

IV. The third and moft powerful clafs of Galvanic batteries, conftruflcd with fluids and 
fingle metals, is formed, when nK^tallic fubftances oxidable in acids, and capable of a£ling 
ctn folutions of fulphurets, are conneAed, ' as plates, with oxidating fluids and folatioii^ of 
fulphuret of pot*a(h> in fuch a manner that the oppofke fides of every plat^ may bi tifadcr- 
going differeilt chemical changes ; the mode of alternation being regular. 

The fame metals that a£)i in the fecond clafs, may be ufed in the third clafs ; and Ihe 
order ^f their powers is fimilar. The pile may be ere£led in the faniuc manner as theptle 
with zinc in the firft clafs ; the cloths moiftened in acid being feparated from thofe moift-^ 
ened in folution of fulphuret, by a third cloth, foaked in folution of fulphate of pbt-aOi. 

Three plates of copper, or filver, arranged ip, this manner, in the juft order, pr6dtfc0 
lenfibk effe As ; and twelve or thirteen Series arc capable of giving weak ihocks, and of 
lapidiy producing gas and oxide in water ; the wire conne^ed with the oxidatibg end ofi 

the 



)44 Accmntt $ffimi Galvanic Comhinatms* 

w 

At apparatus evolving hidiogen ; and the wire attached to'the end a£iidg on the fttlpharet» 
depofiting oxide when compofed of filve/, and generating oxigen when of goidy 

V. In ail the fingle metallic piles conftrufted with clothsi the a&ion is very trahfientt 
Ae decompofition of •the acids, and of the fulpburets* is generally completed in afew mt-* 
notes » and, in confequence, the Galvanic influence ceafes to be evolTcd.. The snange-^ 
ment of all the different fories may, hoVcver^ (by means of an apparatus conftniAed lifter 
the ideas of Count Rumford,) be made in fuch a manner as to give confiderabl^ p cnila 
nency to their cSe&s. This apparatus is a box, covered with cement incapable of cbii^ 
dtt&iog ele£bicity, and compofed of three pieces of mahogany, each contaioiog grdovts 
capable of receiving the edges of the different plates proper for compofing the feries. One 
half of thefe plates muft be compofed of horn, or glafs, and the other half of metidlie fob- 

■ 

ftaoces; and the ceodoftors of eleflricity, and the non-conduAors, amft be alteiaitelf 
cemented into the grooves, fo ais to form water-tight cells. 

When the apparatus is ufed, thefe cells are filled, in the Galvanic order^ widi difiacnl 
folutibns, according tS* the dafs of the combination ; and conneded in paiva with each 
other, by flips of moiftened cloth, carried over the non-'Conduding plates. 

A combination of fifty copper-plates, arranged in thi$ manner, with weak fcfliitiofle ef 
nitrous acid, or nitrate of ammoniac, and fulphuret of pot-afli, gives pretty ftrong ihocks»- 
rapidly evolves gas from water, and afiefls the condcnfing ele£lrometer» 

It does not lofe its power of a£(ion for many hours; and, when thb power is Icfft, it 
thay be reftored by the addition of fmall quantities of concentrated folutions of the proper 
chemical agents to the fluids in the different cells. 

From tvio experiments made on copper and filver, it would appear, dat (he fiogle mc^ 
tallic battc;ries a£t equally well, when the metals made ufe of are flightly alloyed, and 
when they are in a date of purity. 
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Ohfirvations and Efcperiments undertaken wkh a View to determine the Quantity of Su^lntr. 
contained in Sulphuric Acid \ and of this latter contained in Sulphates in general^. Bf 
RjCBARj) CB£»EVlXy £/q* F. R. S. and M. R. L A 
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N a paper which I had the honour to prdent to the Royal Society of London, and tlie 
fubjeft of which was the ahalyfis of fome arfeniates of copper, and of iron, I had occafion, 
in examining many pyrites, matrices of thofe ores, to remark (be very great inequality 
which prevailed in the refulls of repeated experiments, made with a view to determine 
the proportion of fuiphnr. But I foon perceived, ^at the inaccuracy was caufed. by a 
partial combuftion ml acidification of the radical, through the means of the nitric.acid^ 
idpplojfed to dlffolve tEe oce. t 

♦ Jrifli Academy, 180.1. 

Having 
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* 

Hairing tliirffiMb) Ui the ufual iiianftert'.afc9itaifmil^bat.qUantU]F of diat lagredkni re* 
owned ttotoocbedy^ I iris forced tO' fe€k the re0 of it in the liquor, vhich bad waflied tb^ 
«afioo»f«eeifntat€«. To obtain^ k; I poiaieii^ a fdlu^n of nitrate of barytes into thofe^ 



wi<hing<» ."wlidiv att* fhif o<her fobftances had beq^ carcfolty feparatedi and wai thcrebft' 
ejNiUcsttciopitc^rftwEe, fh-a ftate of purity; the fulf^iate of barjte^, formed by thai ehrtb^. 
a«d;by Ae portion of ftiUlphur origihally aeidified, in the firft treatment of the orc by mtrie^ 
ackl* To-eome at the Idnowledgc of the proportion of fulphur, contained in a j^on quad* 
tityof»fii1pbata*ai1>atytoa, Ihad recourfe, in tlie Erft inftancei to the quantity of Culphtiv^ 
fittd-by iJM^ifiertobis containltf In firiphuric acid, and, in the nffx^y to the proportions of 
tbtlaiieiy annoiiiked in tjie fynoptiJB' tables of ^ourcroy^ as enteriiig into the compofitbiit 
o£fuipbat»of Wtfffls. AccoftfiAg^b the former of thofe ch^mifte, loo parts of f»)|Attrie. 
acid contain 71 of.ftdphnr arnd 29 of o^ugen; and ag|in» in Adopting the proportions of 
tbekfttCTy mthacHt^fi p^cfnt. of acid» on fulphate of bary tes« But if 100 contain 71 o£ 
fulpkepP^^^^vmAedoftain'lj«4j. ' Conrequemly, for every 100 parts of fuiphate of barytesy. 
i iMisi tdr<in6v^ 2^'4^(rf4M{Atfr/' j^t) by'the're(filt|i of my analyfes, t bad fiich quantittee 
of^l)^llite3o(:ba*yt^8^ ^t^k^e^'tiie to doubt- the accuracy of one or other of the ftate^^ 
m^BSSk 4i^. vrMfch lf«iUiM#edf Vh^ quantity of real fiilphur <:ontatned in the or^; 

No fMfen h better Wq^aimed Khin 6ui^eiebrated I^rofidem^ with the many^dMEc«kiet^ 
ib^t odfcOT'iti-Ad'llMilyiBeo^'fatte in general ; particularly with regard to jtlie quantity olT 
realaeill they tn^y^OfHattr. It ba^ been a work of frouUe to the abieft cbytnifts^ and tfacf. 
Save net affrays: agreed -it^tKek'roAalftsJ' The proportions', announced by Fourcvoyy may- 
itieicfove bee dotiibted» \ft cohnftidif wi^ thofe of ^ ofber leatned operators^ tovhotllX 
^ave alluded; • 

The real quantity .of jacid^ produced by tbe cdftibuftiofi> of any acidifiable- baiffs^ can be^- 
determined-byoneor other of the fallowing' methods only 7 by dired^combinatsob, in fomo- 
lalt^ the proportions of whie&are are altfcttdyJtJUMgrn; orby obtaining, in ai ftato per£e£Uy 
fitefciom 'vrater^-tbe addMiefultitig Ax)mr fuck 'Oombuftion. To tbe foriner method, tfas. 
general objodionsagainfl; 'alt an^lyf<5s of falt^imft apply^ Tlie latter is ftittiMore defr£U«o^ . 
It )s bf no mesfns'Oertttrii^ tAat^w^'luiye ever yds ebtidned any acid, is % ftate €i perfeAl 
ficotef, ttfikie «ertf ^tdept thie- pbo^^r ie . and the arionic; for even iba; oryftalKaeddie|^^' 
table acids retain a portion of irater in their oryftailization. k is hot that I aivfolutely: 
deny bur having obtaiiied 4hem fo ; but V lay mcvely^ that we Have bo proo£ It ^robld 
todoed belettittig^tiavro^boHmto tolthe perfect! of mtuve, to aflj:rt> 4tat no combnftibift.: 
body co«U> i#Mtfm(bfvirlited ^hot^gen, aflUmeif kfolf, tbioftate of liquidity; o;c^'that the 
oxide «f 'the pafftiCuhiit<ttbftMM, •Catted Kidfogeoy viuft bo prefent to ooiifbr that prcquerty^. 
Doubtlefr^ fctphttricafcid «my^ as vi^ ao'waterj conlaiQi in itreif> fa joflr a prpportio»o£i 
fpecifie heat) nS'fO'remairt liqeid ai: the te^nperatttveof our globe, and.|U|skrthepreffiter 
of>earataio(phe«l6; • Bvri bcKh' watef and ftitpbdrk acid being eaffly vokUiU^,;aMtJi9Tiiig. 
m powerful afiniiy for each Other, Jt is not eafy^. ifievon ftaAble^ by djftiMatios^.to lepa» 
iftt^theni with finffioiisnt aocwra^,. ifr cjBporimeiiftf ^-^ delicate -inquiry^ A feoood fouroo 
•* Vol. Y*— December iftoit Y y o£; 
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^f error, tlierefore, remained open in tHis branch of the calculatiDtr,- whiqh gate tKe pro- 
portion of 23.43 of fttlphur, as that'conuiqed in iDO paitSr oFfMphitit of hirytes. 

However, before I would allow myfelf to call 10 queftibn fuch authorities as tho^ I hare 
quoted, I inftituted the following experiments: in a tubulated gia& retort, I pMt jqo. parts 
9f purified fulphur, and poured upon them ftrong liitriis acid. A ijuiUed 'MJeiVefylf^liibg- 
ipg into a ,Woulfe*6 apparatus, was adapted to the retort; and, i(U beitig wtil l««edi I:pw» 
cceded to diftil. The liquor, which came over, was poured 1>ack ' fe Vend tim^s «pon the 
fiilphur> jiintil the whole was diflblved. The water, which' had: xMhe^o^^i'lind^tlnr) 
through which the nitrous gas, prpduced durit^ thc'opemidnr had jpafied^'Wett eflsyei 
for fulphureous acid, and no traces of it could be found- : NO'fttlphurihadrbeen volalalllsods 
iherefore no fufpicion could remain^ that all was not eoarerted into Ariphmfiric aoid;* The 
liquors, which were in the various parts of the apparatus, were united:;- and tothomXMft 
added a fufficient quantity of nitrate of barytes. The whole was evaporated gently ib^ 
^aufe, though I am Well acquainted with fhe very little folobility of fulphaleofijiiaqftea^I 
well know that nitric acid will retain a fulfil portion of it, particularly when formed -ioa 
liquor where that acid abounds. In a firft experiment, ( obt^nect ^94 from -too of Ui^fUMB^ 
inafecond, 348 from 50; and in a third, 347 from the fame qnantitf. But th6 ficnple 
vuk of Chsee reduced thefe quantities to 14.6, jor 14.4 per cent, of fulphui^ odMiiodd in 
fulphate of barytes ; a difference wholly to be negle£led. If, therefore we .tako-i4^$ as'tMe 
average^ iot the quantity of fulphur contained in 100 parts of fi\lphaiLe of barytesj ^c ilpall 
i^et be far from the truth. From the accordance of tfac^fe experiments^ repeated and-vartcdt 
I bad i^w np doubt, but concerning ikt iburce where I was to feck the error,* which ga«« 
.a3*43 as the juft proportion. 

To afceruiathifl point, I operated in the folloM^ng irtanneK • I.ptepared fqmc limef as 
pure, I believe, as chymical means can procure it. I digefted white marble in liifiriatic 
acid; and, by leaving an excels of the earth, was certain, that by the fuperior affinity ^f 
Ume for tbat acid^ nothing elfe had been taken up. Upon trying the Mution with ainmo- 
nia, no precipitate took place. By means of catbo'nate of pof-afli, I feparatedthe lime in 
the ftate of carbonate ; and, after well wafliing the precipltaee, .ezpofed it 10 a.jrfatina* 
crucible to' a violent.heat, till the weight no long^rr dhniniihed. J am acqaaintcd with no 
more efficacious method to prepare lime, fit for the delicate purpofes of fcientific chymiftry. 
. One hundred parts of this lime wett diflblved ip dilute mqrtacicacid, In the faiiie platina- 
crucible, previouily weired; and then fulphuric acid was added in fofficienC' quantity. 
Sulphate /of lime was precipitated ; and the veflel was expofed to a heat, at firft gentk^* to 
evaporate the liquor ; and then, by degrees, raifed to a temperature, which could expel 
. every thing but the combined fulphuric acid, and leave the fHlphateiQf lime comjdetcly 
jpakined. The crucible with the Citt was then weighed, and the augmeatation was 7(S»«— 
|( appears to me, that if we admit (and I fee no eeafon that we l)iould not adinit it) that 
calcined lime and calcined fulphate of Ivose are wholly exempt froyn water, it muft be 
dear* tbat die ^6 additional weight Were fulphuric acid ; aad, that the fiilphuiic acid muft 
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^ Oh tie Quantify of Sulphur in Sufpburic Acid. 347 
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!n this ftatCy more than in zttj other, approach nearer to what may be termed, abfblutelf 

teal acid.^ One hmndred paorts of calcined Talphite f f Hihe contain therefore 

Lime • • - - cj 

Sutftinric acid ^ ■• « ^^43* 
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By the fbvnier ezpesiments (tho(e ma^de upon fulphur converted into acid^ aiid th'ert 
vnited ti^barytes) wehadtlv: quantity of fulphur, contained in fulphate of barytes. Bf 
the laaqr (thofe made by dife£Uy combining lime with fulphuric acid) we had the propoN- 
tioirof real acid, contained in calcined fulphate of lime; Gonfequently, by knowing the 
jnticfj .that fulphate of 'barytes bears to fulphate of lime^ with regard to the acid in eachi 
weihall arrive at the knowledge of the quantity of fulphur contained in real fulphuric acidi 
For this purpofe, I attempted to diilblve in water^ too parts of fulphate of lime. But 
findiag,. in this method of proceeding, a coofiderable inconvenience ariiing from the gr^ai 
quantity of liquor, neceflary to cSc€k the folution of that fait, I had recourfe to the fol- 
lowing ezpedicnn TJ^n icx) grains of calcined fulphate of lime, I poured Ibme oxalrc 
Mid, which attracts xht bafis with an affinity fuperior to that exercifed by fulphuric add;. 
QxiUate of lime was- here formed v but oauilate of lime is foluble in a very fmall exceff of 
any acid. A little muriatic acid operated a complete fohition ; and thus a great quantity^ 
of Ailphate.of lime, required but little water to diflblve k* Into this liquor, muriate o£ 
barytes was poured^ and fuffbred to remam ibme time, gently heated. By thefe meahsi "^ 

Mj oxalate of barytesy that might have been formed, was retained in folution by the 9n^ 
ginal excefs of acid i and the intire quantity of fulphate of barytes was depo'fited. Of dte 
exadnd&of all thefe methods which I ufed, as the inftrnmehts by which I afcertained tbda 
refults, I convinced myfelf by various preliminary experiments. After the ufual ttltraitioiif 
.wadiing and ^drying at the gentle heat of a fand-bath, I obtained' in one experiment loj;/ iu' 
Mother i83> and laftlyi in another i8o. This difierehce does not exceed the limits^of 
what alt perfons^ converfantin analytic chytniftry, will allow to experiments of this n^*^ 

^^ ' * r , . '* M ...... «... 

tnrcj*^ We may iSierefore take 183 as the mean-pti)i$6nion; confequently 'we (halt vffi 
that 183 of fulphate of barytes contain the Jametqt^sntitfof ftilphiiric acidi ^^ 'OO of fui*- 
phate-of lime s and 18^:43 :: 100: 23.5. Therefore 23.5 is (lie proportion of acid in 
100 of fulphate of barytes. But we have before ieen, that 14.5 of fulphur, acidified by 
nitric acid> form that portion of fulphuric acid contained in 100 of fulphate of barytes : 
VU5* 23 .C; We ihuft now fay, that 23.C : 14.5 :: 100 :6i.c, and the fourth term will be 
the proportion of fulphar :r= 61.5, which cotimlfted ^tb 38.5* of oxi^nwitlfbrni'idocl 
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Veal fidphtiiic acid* 

In neither of the proportions, whether it be of the acid contained in the fait, ofofdit 
cond)nflible bads contained in theacids'do I agree with the two cbymifts whom I have- 
quoted. This jttftiy QKcited fome doubts in my mind» and led me to repeat my experi-- 
Meats. Nor ihoifld I yet be thoroughly fatisfied, if I could not^ upon other grounds,. 

Y y z tHaai 
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than by (uppofing inaccuracy in them^ account for tl^e app^e^^ jj'fff rfJBf^ffr , TVg mol^ 
^ ever expeft to fee the errors of our px:pdeceSbr6 corrected bjr a^Wif. inud|f ^qferiof^in abi- 
Jities ; but who, by pofTefling more certain means, fupply.the want^ of: genius and invc;ntion« 
At the time in which the ezperim(;pt8 were niadc^ that determinj^.^jt^e proportion of 33 
per cent, of fulphurlc acid in fulphate of 4)arytes, it was not known that we had never 
obtained any barytes pure ; and that a confiderable portion of carbonic acid refifted the 
:«£tion of every degree of heat that had been applied to carbonate of bar^tca* Tiie fa£l 
<vas, I believe, firll obferved by Pelletier; butthf; mcthqjl of aypji^ing the inconvenience 
^as pointed out by Vauquelin. He decompofes nitn^te of barytes by ^rc^ and a moderate 
degree of hent is fu£cient to expel all the acid and the water* The chymill^ I haye men* 
tioned, performed fynthetic experiments! by combining, (jUnet^y.or ia4ire£l]y, fulphuric 
acid» and fuch barytes as they imagined to be pure. The conftant .jQmU;Krity of their refultt 
•is fufficient to prove the accuracy of their operations ; but working upon aa impui^ fub* 
fiance, they muft have been contented with a fimilarity of error. ^ 

Three caufes may exift which are capable of accounting for any variatioq, whether in 
^Uf or in muuts^ that might hov^-appcared in ,ih^ expe^imentibi by irhich Lsvoifier deter* 
mined the quantity of fulphuric aci<^ obuioed by the conibuftion of fulphur inoxigen 

-gaai .. /^ .;•■■• ■ 

ift. A part of the fufphur may b^, volatilized during combuftipn* 
2d. All. the fulphur may not be converted into fulphuric. ^^cid^ but part may remain in 
the, ftate of fulphureous acid. 

jd. In refiifying, fome acid may come over along with the ^ait^r ;, pf, vUeverfdy fomc 
Wtter remain' with the acicL Thefe conHder^ions will excufe. me for keying propofpd a 
4oubt, wliere the authority pf io great a xnan exifl^ againft the ezperiinent^: which I have 
. oslated, * 
. The method which I h^d ufed to fffcrtain the fluantky of fu}pbi^;in gn ore, had been 
^ra£tifed byTaflaert, {Annales de Cbimey No. 82: An^yfis^ Cobalt fipBi Tunabetg) but 
l^icalquUteda^pOTdipg to the prppoxtioa&of ^voifier and <>fiF9)i)ccrpy* , In another paper 
|iy Tfaen^rd* {j^itslesJc CbimU^ Np^-^.) he llates the prppof tif^f /)£ i^lphuric acid, ob* 
Uined bjr ucfating fulplunr with Aitiric agd,, to be . ; v. 

Sulphur ; , -t - -- . - 55»S^: 

' OEigen - . • ' ^_ • .4444.. 
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tat tn the ^Ktraft given bj[ Qiq^qai^ ibft^t^f)* of the. AomJfs de Cidmu^ the mode of op^» 
ration is not dafcribed. Calcined fulphate of barytes is eftimated in the fame <paper tf 

cdnfiaia ^1 . . - ■..,.,, 

L\.J. £..,...■ ,.'..'Bacf<ei. .. .;ij ri.(v, ;..?•,.. . , ;,- • •■ ' i. 74.82..., 

f ..SulphwicBcid,. ,..-.. ,- - - ,. 25.18-. ., . 

100.00 

which 



liijeriptiok of tm AfpM^afw ]br IX^tling. 34^ 

«r1ikh prbpdrtions ai^ as neaV to ^batl had found as can be expe£^ed; (of fulphate of 
baryted does hrot contain more than 3 per cent, of water of cryftalHzation, and they niuft 
be deduEl^d from the quintal. 

Having determined with ^ccurac^he proportion of acrd m any infoluhle fulphatey it 19 
cafjr to proceed to the determination' of that contained in any other fulphate. The doci- 
maftic arc or analytic chymiftry, in general, cannot however expert to derive fuch advan^ 
tagts from the knowledge of foluble falts^ as of thofe, which, from their infolubility, may 
be tifed with accuracy in delicate experimetits to determine the proportions of the conftt- 
tuent parts of bodies. But if, with this mode of operating, we compare the quiintities of 
real acid, faid (in thofe excellent tables with which Mr. Kirwan has enriched the fcience) 
to be contained in fulphuric acid of different fpecific gravities, each wiU ferve as a proof of 
the validity of the other ', and perhaps demonftrate, that fulphuric acid, without the inters 
vention of wateri may enjoy liquidity, at the temperature and preflure which a£t upon 
our globe. 
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VII. 

Defcriptton of an Apparatus for DyHlling, in •which the EffiBs of Ahfirption art prevented 
witbtut admitting tit uttwnal /Sr. Im aJLttterfrtm Mr, A. S. SVRKITT. ^ 

T« Mr. KICHOI^K. 
SIR, 



I 
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HAVE taken the liberty of inclofing a drawing of an apparatus, to prevent the alj^ 

forptlon which -fo frequently happofis in diftilling acids, in particular the pitrQus,;.fQ8 

which I have moftly ufed it with the defired efie£k. '^^ i \ 

Should it prove original, and aieet your attentibui you wiU ep^ier a favour by giyiffg j^f^ 

a place in your valuable Journal. . , b- » -> 

lam, SIR, • '? 

Tour moft obedient humble Servant, 



Fleet Street. Noif. 20, 180 1. A. S, BURKIT^. 

Plate XVII. reprefents the apparatus ; where A is a retort, B, the ufual receiver, hufif'f 
a heck to receive the retort, and another from which the recurved tube F proceeds to th'^ 
bottom of a fecond receiver C ; and from this laft vefTel a communication is made in the 
wcU known manner with the apparatus of Woulfp D. The principal Cngujarity and ad» 
vantage of my apparatus conCftd in the valve £» cbnftru^ied' by placing suplaie, of pla^p- 
convex lena^pqn ^ mpoih of a fmaUef: tube, inferted by griiuiiBg within;F like die vatve 

3 itt 
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in North's apparatus, but with more water way ; and this advantage I find in prafHce t# 
M luperior both in effedi and cbeaf^kiefs to the ingenious ttibft of fafety of Walter. That 
C90tTivan^ey fa fan^ili^r to chenaifts, confiftspf a perpendicular tube witfaf ^ fm^U bafon at 
t9p). arid apoth^r.t^^rToir or fwell at bottom, in an aCcendingpart of the fame tube; and 
^tsa^ion wh^efi duly charged with mergury is, t. When the internal preflure increafes, the 
mercurj^^rlfes^ till the whole column is fupported, after which, upon any farther increafe^ 
^ ixifir^,ros|fs(3/jnercury is fuddenly blown into the upper refervoir, and gas is at once 
l^t QHt^ 'till the ifpring is reduced nearly to that of the atmofpheie \^ and 2. If there be aln 
(prpti^i^A th^ external air in. all cafes is very little refifted, but is fu£Fered to enter the 

TeifcU. 

In my apparatus the preflure during the tranfmiffipn of elaftic fluid through the valve is 
ai^oftants being equal to .the re-a£iionof the liquids in the veflels C andD, and whatever 
ptjber e^^ernsil fprce may be Ridded by the well known means : and whenever by diminu<- 
tion of ^the firej or other caufess the fpring of the gafes in B (hall become lef& thai^ the 
preflure of rhe external air, that fpace will become partly vacuous \ but the valve will pre** 
vent any return of tlie fliud frooi C, fo that the only efledl will be, that the materials ia 
A will give oiit their produfi fomewhat rnor^ rapidly from the diminijQied re-a^ioo. 

Ai S. R 
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SCIEJjfTIFIC NEWS, ACCOUNTS OF BOOKS, S[ci " 

Difcovery of Comets^ 



I 



N the jeumal of the 8th of prairlal the Notary Caigne announced, that he had 6oq 
fe to pay to any one who fiiould difcover a cornet. On^^ the morning of the 23d of Mel^ 
fidoff, C. Pona^ keeper of the obfervatory at MarfeiUes, difcovered one, which three abk 
•ftroaomers of Paris aUb obf^brved the (ame evening. The board of longitude, being- re^ 
quefted to adjudge the prize, cdnfidered C Pons as having a degree of priority, to whieli 
die three aftronomen of Paris afiented, and the prize was awarded to him. I amfoltcit^ 
sag the govemmeDt to ofli:r a (imilar prize» to accelerate the progrefs of our knowledge of 
comets^ the oidy branch of aftronomy which is not ia an advanced ftate. It is lb eafy^ 
bowevei^ to find ceaiets> that any one, without being an aftronomer, may difcover them 
vfavi be jleafest ; 
■'• .,t ^ .• ..:.•,'.. LALAMDEi. 



Mimrines iAgrieuUwti^ C^r. Memoirs of Agricultute^ and Rural and Donuftic Economy^ 
fMiJUd kf tie /tgriculiural Society of tie Department of the Seine^ and printed by Order vf 

tf» tttfOt of. the D^artmM. Vol* I. Pana, 8vo. 447 p. i Plate. Price 4 fn 
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r^c lyJov/f Aa^HfiU of Boats^ &c. 



^•'*Af 'fhe'lie«d'''of ihts Yol'umc Vrc tlie order of the Pfefca for printing if, *t!ie rfilei ot ih6 
fbttety/ iin^ a lift of Its brditiary and correfi^onding members, with an attbutit of the fe* 
ci^l/'s lab&ilrs : after which arc the ' following memoirs —InftruCtiona for prefcnrlng 
Whea?t frofti Smut, by C, C. Cadet- de-Vaux, Parmcntier, Sainhi^enis, arid Trarfl-^ 
Report' df the Experiments of C. Hourfart, Junr. on preparing and ccortomifing fce'd-^Oh 
thi n^ean^ of draining farious lands by fimple and not expenOve procefle^ by C. Chamfonl 
This membiri' which has been publiihed feparately, is preceded by fome obfefvatiohfl^on 
the general fyltem of inland navigation in FrancCi and followed by a comparatite table 6f 
the to'aU'mlnes Worked in each department, and of thofe which require 6&!y navigable 
difials and rivers to enable them to be worked. The fonder are fifty-one in number ; ihi 
latter, (ixty. Their importance to thofe of the French manufadlures that require fuel, out 
niechaHic arts, and our agriculture, mud be obvious, at a time when we are perhaps not 
fufRderitly Siware of the want of wood, with which we are threatened, frond the great de* 
Taxation of the forefts in moft parts of the republic; a fubjedl which has Wn treated bit 
by C. L^ft'etie in a feparate memoir in this vblume.— On the precife Significatibit of thi 
tantfl jfgriculture and Rural Ecofiomji by C. Cels. — Some Refledlions on the fuppofed 
number of Sheep in France, by C. Delong. The intention of this memoir is to excStt 
iflqUtry concerning this important fubjcA. — T^ adtantiages of nurferies on 6ftms'0filii 
certain extent, in facilitating fuch annual plantations as may be fuited to them, by C. 
Villele.— An interefting Account of the fuccefsful Amputation of the fore leg of a Coi#» 
which had been fra&ured, by C. Chaumontel. — Experiments, Inquiries, and Obfervationt 
on Elms, by C. Boucher^ to which C. Denorgelles has added his Experiments for obtaitff^ 
ing Alcohol from the fap of Vegetables.-— On the produd^ of difllmnt forts of wheat that 
lire cultivated, and the melioration of them ; or the advantages that would refulc frofll 
inquiring what forts of wheat yield the moft bread ; by C. Chaneey.— On Rural Edificei^ 
fay C« Gamier- Defchenes.— On the Manner in which the Mountains in the Cevennct sfra 
fertilized, byC.Chaptal. — On the Means of rendering fit for ufe Wells that b^vv bcten 
abandoned in confequence of the Mephitifation of the Soil, by C. Cadet^de-Vaux.-^Ok^ 
fervations on the worldng of Wines, by C Creuf6-Latouche.— On the Cultivation of the 
Sogar-Cane in the Caribbee Iflands, and particularly of that of Otaheite, by C. Moreau^Sti 
Mery.««-On the Cultivation of the Sugar-Cane, by C. CoiBgny.— Oa the CinnamoB-THne 
of French Guiana, by C. le Blond. — The volume concludes with accounts of the Uvea of 
Crecte de Palluel, and T. Francis de Grace. Alag. EncjcL 



Utfliire Naturclle des Mimraupiy tsfc. ^he Natural Hi/lory of Minerals y by E, Af.. Z. 
Patnuy jtjfociate of the National Injlitute ; containing a Defcription of Min^aU^ an^ pf 
their native Situation [Gite], the Theory of their Formation^ their Connexion with iieology^ 
or the Hiftoryofthe Earthy an Account of their Properties and UfeSf their Chemical Analy/is^ 
fs^c. 5 Vols, large i8mo, about 350 p. each, with 40 Plates. Price 12 fr. 50 c. 
plain I 18 fr. 50 c* with coloured plates ; on fine paper, 5 fr. 50 c. more. 

C, PATRIN 
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iciemific UtnMf JceiunU $fS^s% (sV, 



C. PATRIN has made hlmfelf known by feveral memoirt in tlie Jmtmal dt Phjfique^ 
in 1788 and I79r» on the mines of Siberiai which he fpent eight years in examining from 
the boiiadaries 9f Europe to the frontiers of Chinai and whence he has brought home a 
coUe6iion of minerals as valuable as it is ample* The objcfl of this tour was to coUeA 
information concerning the ftrudure of mountains in general^ the formation of metallic 
veinS) the relation that diiierent mineral fubftances bear to each other, and the hiftory of 
the terreftrial globe itfdf. It is particularly in this important point of Tiewj that the 
author has treated of the hiftory of minerals. This too was the <d>je& propoied by the 
illuftriotts Bufibnj but that great man wanted the aid of obfervatiop} which genius cannot 
fupply % and what he has (aid on the fubjedl is built wlioUy on fyftems formed in the 
dofct, and now confidered only as fplendid chimeras. To thefe different notions of gene- 
ral theory f tlve author has added all the particulars that he judged of moft importance re« 
fpe&iog the properties of the different mineral fubftancesi and their ufes in phyfic or the 
mrts : every thing, in Ihort, that can render them ferviccablc to man. He has carefully 
added the analyfes made of them by the moft celebrated modem chemifts, which were 
altogether omitted byBufibn; though, indeed, had tbey noe» what \be could liate given 
would have been of little ufe at prefent, from the amazing fuperiority the chemical ope* 
nCor has attained fince his time. In thk work is an eflay on volcanoes, in which C. P» 
advances a new theory of thefe grand phenomena: and one thing (hews, that the author 
has ieen the operations of nature contemplated as they a£iually are j his bavifig pointed out 
ieveral difcoveries as poffible, which have been really made fince his tiemoir was read 
at the Inftitute. -. : 
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TO THE PUBLIC. 
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JSl IVE years have nearly elapfed fince I firft offered to the Public the Outline, or Ph)-, 
fpe£tus, of that Journal of Natural Science, which has ever fince been continued with 
thd correfpondencc and fupport of many of our firft Characters in the Philofophic^l 
World. The volumes now extant are refered to by numerous rcfpeftablc writert a$a 
correft and authentic Repofitory of the interefting difcoveries of the period they embrade, 
^^ well as of a large portion of original coinmunications, not to be met with elfewiitoe. 
I now cbfe the Series, and commit the work, as an entire Mifcellany, to the &mt 
patronage as has hitherto fupported it : with the intention of continuing my laqoiuiy 
without interruption, in another form. This portion of my public employ bfis iiot cmjy 
been produftive of revenue ; but it has afforded an infinitely more valuable remuneration 
in the private friendfhip and public approval of men, whofc talents and virtues give tlie 
power of confering the truly cftimable part of fame. The objeft of this Addrefs is. to ftj^e 
the reafons why, under circumllances of fuch encouragement, I have adopted die prefent 
meafure, and confequently to point out the advantages it may be expe£ied to afford*. . 

When I began this Journal, we were in the midfl of a war unprecedented for its 
'-' objeSs, , its extent, and the aftivity with which it was carried on. It was not .a de- 
tached body of warriors by profefllion who fought, while the ordinaiy inteittHirfe^ of 
foctety were fuffered to proceed. Every incfivldual was in fome manner cngftgedv 
Communications were almoft totally interrupted ; and the fcichCes, which give life to 
civilization, and afiford the only folid affurance that the world ffaall never again relapfe 
.•into barbarifiu, were confined to a few, whofe habits, fituations, or circumflances, kept 
them at a diftance from the convulfibns and diftrefs of the- timesw*— Wi&out offence to 
the excellent Philofophers, whofe writings and difcoveries have enriched tMs Journal^ I " 
may expreis my. conyi^^ipn that its future pages will become ilill moit^ higMy valuable 
; at thi^ aufpicipils period, when men have again recolle£ted that they 'are hrofhcrs; ^d 
. . lb(r permanent int/ereflsiof kumanity have once more refumed their place* ' i ^ 

With this animating profpefl: I have immediately availed- myfelf of the au^Mented 
power of intelligence afforded' by the happy event of ^ace, and at the fame time I em«- 
brace the occafion to make fome improvements in the form and plan of the Journal, 
itd'lf. 



Hie Philofophkal Joiuiial xvill be refumed in a new Series, of which thefirfi Number 
will appear on the frjl (t/* jANUARt Kext. It will be handfomely printed in the 
oftavo form, with varied running titles at the head of each page, and fide notes, or a 
marginal abridgement ; by which the fubjeQ: and contents of every paper will be clearlv 
analyfed and difclofed. Three or more"""^l»is will be given," according to the nature 
and extent of the maUer, and the quantity in each Number will be increafed occafionally 
as the importance of the coramuiucationi may denoand^ aed permanently as foon as the 
expefted fall in the prefcnt enormous price of paper lliall take place. 
. . " ■ . ' ... . , ^ 

.^The fubjc6ls, as heretofore, witl cpnfift of every 'new or excellent Memoir tliat fliall 

be . procJuced on the Improvements^ m Mechanics, ChenrfflTy, Optics, Aftronomy, 
Geography, and in genend every brancfi 3f Natural Philofophy, and the practical de- 
partments of Manufaflures and the Afti. Or more particularly to (late the improve- 
inents which experience has fuggefted in the plan, it wiJI'be eftaWifhed,- as fettled parts 
of the Outline, to give accurate lifts — I- Of aH the Scientific or Manufafturing Treatifes 
aid Difcoveries la the heft French, Gerttian,' and Italian anA dtlier Journals, at leaft by 
name, and in every'Important cafe with Abridgements of their Contents proportioned 
to their yaliie. ' 2. Of all ^he 'Books, Xvfthout exception, which (hall \yt publiflied or 
ii^ported into the Briti(]i Dominions on the fubjefts treated in the Journal, and to 

. analyJe or review thofe of fuperior excellence. 3. Of all Maps, Charts, Tables, Plans, 
and other Scientific Engravings or A^orks fo pnblrflied or imported. 4. Of all Patent 
nventiQns, with remarks. 5. Accounts of the proceedings and publications of Phi- 
lofophefs and Manufafturers ini foreign countries, their Works, Projefts, Improve- 
fliepts, ' /S;c. ' 6. Rographical Account3 of deceafed Men of Science, or Improvers of 
4bc Arts, and of living; Men of eminence in fuch cafes as admit of perfeff ihipaftiality 

;aAd.fetetity> with Portraits from, time to time. 7. Accouiits of ManufaCliires, from 
a^ual vifitatiou and information, » of which reports the Author hopes to afford nearly 
(Ope^ch month. 8. Original Explanations of the ordinary Procefles of Domeftic Life. 
•9. Retails rcfpefting national and other great Projefts oi Improvement. 10. Ufeful 
Kotjces, valuable Receipts and Procefles, entertaining and accurate Experiments, Sec. 
•IJ. And tlK>ugh the greatefl care will be taken that the Journal fhall maintain its cha- 
rafter; for the accuracy, fidelity, and importance of its contents, great attention will 
neveifthelels be paid to render it popular and inftruftive to the numerous Cultivators of 
^{stural Philofophy \Vho may not yet have arrived at the higher ftations of accjuirement. 

Orders for the new Series of the Philofophical Journal, or for the former Work, of 
which fon)e:cori)plete Sets: ftiil remain, are requefted to be fent to Meflrs. Robinfons, 

isi Patemofter Ra\y« jftr t$> the Author, in Soho Square^ by* whom communications are 

• • • « 

folicited, 

JLondon, Dec I,. iso\. ' -^ W.NICHOLSON / 



